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MODIFICATION OF THE SULPHOMTION TEST FOR CREOSOTE. 



A NEW SULPHONATION TEST/ 

The sulphonation test described in Forest Service Circular 112 

has been found to give erratic results at different times and in the 

hands of different operators. The method was also rather long 

and tedious, making it altogether an unsatisfactory test. Since the 

publication of the method the conditions of the test have been made 

more specific, the time required has been shortened, the procedure 

has been made simpler, and the accuracy has been increased so as 

to give concordant reading in the hands of different operators. The 

significance of the test, described in Circular 112, is as follows: 

In contradistinction to the hydrocarbons of the paraffin series, those of the 
aromatic series react with concentrated sulphuric acid with marked ease. 
The products of this reaction, in which a sulpho group or groups replace hy- 
drogen in the aromatic compound, are called sulphonic acids and the process 
is Imown as sulphonation. For example, the reaction with benzene would be 
CcHfl+HaS04=C6H5SOaH+H20. The sulphonic acids are characterized by 
their solnbUity in water. If a fraction from the distillation of a creosote 
oil be treated under proper conditions with concentrated sulphuric acid, it 
will be converted into a mixture of sulphonic acids, which will readily dissolve 
in water. If, however, there are paraffin bodies present they will not be 
attacked to the same degree as the aromatic hydrocarbons, and when the 
products of the sulphonation are treated with water the paraffin components 
will remain as a residual oil. In applying this test to creosote oils it has been 
found that the most information is obtained by using it on the higher boiling 
fractions. 

EXFEBIMENTAL PABT. 

In a general way the sulphonation test may be divided into two 

stages: (1) The treating of the material with sulphuric acid, and 

(2) the separation of the unsulphonated residue from the reaction 

mixture. The first affects the accuracy of the test and the time 

required, while the second chiefly affects the time. 

EXPERIMENTS WITH DIFFERENT STRENGTHS OF ACID. 

Experiments were carried out with different strengths of acid, 
acting for different lengths of time. The strengths of acid used 

^The general method used in making this test is similar to that recommended in 
Bureau of Chemistry Bulletin 135 for the detection of mineral oils in turpentines, but 
several modifications have been made in order to obtain conditions more suitable for 
use with creosote. 

3 
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4 MODIFICATION OF SULPHONATION TEST FOB CBEOSOTB. 

were ordinarily concentrated sulphuric (95 per cent HjSO^) , 36 times 
normal sulphuric (96 per cent H2SO4), and 37, 38, and 39 times nor- 
mal. With these different strength acids acting for different lengths 
of time the same numerical results were obtained under the following 
conditions : 

1. 50 CO of ordinary acid reacting upon 10 cc of the creosote frac- 
tion for 17 hours at 98°. 

2. 40 cc of 36 times normal acid acting upon 10 cc of creosote 
fraction for 3 hours at 98°. 

3. 40 cc of 37 times normal acid acting upon 10 cc of creosote 
fraction for 1 hour at 98°. 

4. 26 cc of 38 times normal acid acting upon 10 cc of creosote 
fraction with<mt standing after the more vigorous reaction has ceased. 
(In all cases the acid was added to the creosote about 10 cc at a time^ 
and the mixture was shaken for two minutes after each addition of 
acid.) 

Of the four conditions the last is very difficult to control because 
of the extreme energy of the acid. This is shown by the fact that the 
temperature of the reaction mixture rose to over 100° C. within one 
minute after the addition of the acid to the creosote fraction. There 
is also a tendency of this acid to yield erratic results because the 
sulphonic acids formed by the reaction of the sulphuric acid on the 
creosote seem to include minute particles of unsulphonated oil, making 
it very difficult to effect a ccwnplete separation of the unsulphonated 
residue. The 39 times normal acid acted similarly to the 38 times 
normal, only the residue ^as even more difficult to separate. Of the 
first three methods the one best suited to the purpose of this test is 
the third, since it gives in the shortest time a residue which can be 
easily separated. 

EXPERIMENTS WITH METHODS OF SEPARATING RESmUE. 

Experiments were carried out with different methods of separating 
the unsulphonated oils from the reaction mixture to determine if any 
difference could be obtained by using various methods of procedure^ 
The tiiree methods used were : 

1. The reaction mixture after treatment was transferred to a sepa- 
rating funnel having a long graduated neck. The funnel was filled 
with acid and allowed to stand several hours until a constant reading 
of the volume of unsulphonated oil was obtained. 

2. The reaction mixture after cooling was poured into a large vol- 
ume of water. The unsulphonated oil which floated on the surface 
was collected and measured in a graduated cylinder. 

3. The reaction was carried out in a Babcock milk bottle which 
after the completion of the reaction was cooled, filled to the top, and 
whirled in a Babcock centrifuge. 
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The readings on two oils treated in the same manner and with the 
same quantity of sulphuric acid, but with the sulphonation residue 
separated by different methods, are given in Table I. 

Table I. — Sulphonation residues obtained by different methods of separation. 



Sample- 


Imoiint of nnsalphoiiated 
oU. 


Method 
No. 1. 


Method 
No. 2. 


Method 
No. 8. 


No. 1 


cc. 
0.9 
.6 


cc. 
0.9 
.6 


cc. 
0.88 


No. 2 


.61 







In H^thods 1 and 2 the graduations in the measuring apparatus 
> were in one-tenth of a cubic centimeter, while in m^hod 3 they were 
in one two-hundredths of a cubic centimeter. This accounts for the 
slight difference shown in method 3. Of the three methods, Na 3 is 
the most rapid, since the reading can be determined within 15 min- 
utes after the sulphuric acid has finished reacting, making the total 
test consume only 2 hours, as against from 7 to 17 in the other 
methods. 

MB'PH<M> TJBYD IN MAKING UP THE NORMAL ACmS AND TESTING THEIR 

STRENGTH. 

The ordinary concentrated sulphuric acid contains 95 per cent of 
acid, or between 35 and 36 times normal. Any acid stronger than 
this must be made by adding fuming sulphuric acid to the ordinary 
acid. Strong sulphuric acid and the fuming acid absorb moisture 
very rapidly from the air, and thus become diluted in a short time. 
In order to. overcome this difficulty the following apparatus was used 
to weigh the acid for analysis : A small pipette similar to a medicine 
dropper was inserted in one hole of a two-holed rubber stopper and 
the other end of the hole plugged with a glass rod. In the other hole 
was inserted a glass rod bent at the upper end so that the whole 
arrangement could be hung on the arm of a balance. The weight of 
the apparatus was then found. In using the apparatus the pipette 
was removed from the stopper, filled with acid, quickly dried,. put 
back into the stopper, and weighed. The whole apparatus was then 
carefully washed with water, the washings and acid diluted, titrated 
with standard alkali, and the result calculated for the strength of the 
acid in per cent of SO3. The strengths of the ordinary concentrated 
acid and the fuming acid were determined in this way, and. the per- 
centage of each necessary to .form the required mixture calculated. 
The calculation is a rather simple one, but for the sake of clearness an 
example is given below: 

Percentage of SOa required in 37 times normal acid 80.07 

Percentage of SOs found in the ordinary acid 77. 38 

Percentage of SOs found in the fuming acid 84. 56 
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A unit of ordinary concentrated acid, therefore, contains too little 
SO3 by (80.07—77.38) 2.69 per cent, and a unit of the fuming acid 
too much SO3 by (84.56-- 80.07) 4.49 per cent. Consequently it is 
necessary to mix the two in the proportion of 269 parts of fuming 
acid (84.56 per cent SO3) to 449 parts of ordinary concentrated acid 
(77.38 per cent SO3) to obtain the 37 times normal acid having 80.07 
per cent SO3. It is always better to run a check analysis on the acid 
after mixing to make certain that the calculations were correct. 

DESCItlPTION OF THE BE VISED METHOD. 

The revised or modified method finally adopted is as follows : 
Ten cubic centimeters of the fraction of creosote to be tested are 

measured into a Babcock milk bottle. To this is added 40 cubic centi- 

* 

meters of 37 times normal acid, 10 cubic centimeters at a time. The « 
bottle with its contents is shaken for two minutes after each addition 
of 10 cubic centimeters of acid. After all the acid has been added the 
bottle is kept at a constant temperature of from 98° to 100° C. for one 
hour, during which time it is shaken vigorously every 10 minutes. 
At the end of an hour the bottle is removed, cooled, and filled to the 
top of the graduation with ordinary sulphuric acid, and then whirled 
for five minutes in a Babcock separator. The uhsulphonated residue 
is then read off from the graduations. The reading multiplied by 
2 gives per cent by volume directly. (Each graduation equals one 
two-hundredths of a cubic centimeter.) 

In well-equipped chemical laboratories the usual steam-jacket 
ovens, capable of maintaining a temperature of from 98° to 100° C, 
will keep the reaction mixture of the sulphuric acid and creosote at 
the proper temperature. It frequently happens, however, that creo- 
sotes are analyzed in a laboratory equipped only for that purpose, 
and for such cases a special steam bath or oven can be made by any 
tinsmith at small cost. It is essential that the chamber be of sufficient 
size to completely contain (under the cover) the Babcock bottle; 
otherwise the exact dimensions of the steam bath are unimportant, and 
any two vessels of suitable dimensions, which are at hand or can 
most readily be obtained, may be utilized in its construction. The 
accompanying figure illustrates the construction of a steam bath for 
this purpose. 
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Fio. 1. — Steam bath for Bulphonation test in creosote analysis. 
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THE PREVENTION OF SAP STAIN IN LUMBER. 



PUBPOSE AND CHABACTEB OF THE STUDY. 

The chief purpose of this circular is to give results of experimental 
tests with various chemicals to prevent sap stain in lumber. In addi- 
tion, a closely related subject, the comparative strength of untreated 
and chemically treated woods, and of those stained and unstained, is 
briefly discussed in the light of recent tests. The tests covering the 
chemical treatments were conducted by the Forest Service in co- 
operation with the Great Southern Lumber Co., at Bogalusa, La., in 
1907 and 1908. Those to determine the strength of sap stained, un- 
stained, and soda-dipped boards were made by the Section of Timber 
Tests of the Forest Products Laboratory, Madison, Wis., in coop- 
eration with the Globe Lumber Co., of Yellow Pine, La., and the 
Gilchrist-Fordney Co., of Laurel, Miss. Though the tests were made 
with southern yellow pine (longleaf pine), certain tests are referred 
to which were made with western yellow pine in the laboratory of 
Washington University, St. Louis, Mo. 

SAP STAIN AND ITS CAUSES. 

When freshly cut sap lumber is piled in the open air to season it 
frequently becomes discolored in a few days. The stain is different 
in both cause and appearance from the change of color due to weath- 
ering and accumulations of dirt and soot on the boards. It occurs in 
the sap part of the wood only, and for that reason is called sap stain. 
It is considered a defect, and lumber attacked by it is reduced in 
value, partly on account of its unpleasing appearance, but chiefly be- 
cause many believe that such lumber is not as sound as it was before 
the stain developed. The discoloration can not be washed off or 
otherwise removed, for 'it is not a surf ace deposit. It lies deep in the 
underlying cellular structure of the wood, and when once there it re- 
mains. The reduction in value of stained lumber results in enormous 
loss. Sometimes it amounts to $2 per 1,000 feet, sometimes to only 
60 cents, or less. Perhaps one- fourth of the annual mill cut of the 
United States is attacked, but with different degrees of intensity in 
different regions and at different seasons of the year. The South 

6 



6 PBEVENTION OF SAP STAIN IN LUMBEE. 

suffers most, because climatic conditions — dampness and heat — facili- 
tate the development and spread of the organisms which cause the 
stain. Estimates for the whole country place the loss from sap stain 
at about eight and a quarter million dollars. This loss occurs chiefly 
in low-grade lumber, because such lumber in longleaf pine, one of 
the chief species attacked, is more largely sapwood than are the 
higher grades, and therefore more susceptible to infection, and be- 
cause lower grades of lumber are not often kiln dried, but are stacked 
in the yard to air season, there to be exposed to attack during the 
first two or three months of the drying process. 

There is not complete accord among all investigators regarding 
sap stain, but it is very generally agreed among them that it is due 
to fungi in most cases if not in all.* 

There are different kinds of stain, at least all are not alike in ap- 
pearance. That commonly called blue stain is most prevalent and 
causes greatest loss. Fungus spores, which are very small and 
powderlike bodies corresponding to the seeds of flowering plants, 
are carried by the air and find lodgment on all exposed surfaces. 
Freshly sawed lumber presents ideal conditions for their develop- 
ment. They cling tenaciously and quickly sprout fine threads, called 
myoelia, which they send into the wood in search of food. This they 
find in the wood cells, hollow tubes too small to be seen except with a 
microscope, but which in the aggregate make up much of the wood 
structure. When greatly magnified they bear considerable resem- 
blance to honeycomb, and, like honeycomb, they are more or less 
filled with food substances. The discoloration of the wood by which 
the presence of the fungus is detected is believed to be due to an 
optical effect produced by the brown fungus threads when seen 
through the yellowish cell walls. 

To prevent the sap staining of lumber it is necessary either to attack 
the fungus before it has time to infect the wood or else to render the 
wood proof against infection. As a means of doing these things the 
surface of the wood might be so poisoned that spores of fungus lodg- 
ing there would be killed, or the contents of the wood cells might be 
made unfit for the nourishment of the mycelia which penetrated them. 

MATEBIALS AND METHODS USED. 

Experiments and tests were made with a number of chemicals to 
determine whether they might be applied to lumber in a way to 
render it immune from attacks of fungus between cutting time at the 
mill and the time when the wood had sufficiently air seasoned in the 
yard to place it out of danger. This period usually covers from 30 
to 60 days. If lumber can be successfully carried through the critical 

1 Some Investigators would Attribute It to enzymes, or the unorganized ferments, in- 
stead of to fungi. Enzymes, however, have not been studied much in detail, and com- 
paratively little is known of them. 
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period, the air seasoning will have advanced far enough to prevent 
any fungus spores that may lodge upon the surface from doing dam- 
age. At the time the experiments were made little information was 
available to ^how the efficiency of various chemicals in preventing 
attacks from sap-staining fungi. 

CHEMICALS. 

The chemicals selected for the tests were grouped in three classes, 
each class designed to act in a different way : 

Class 1 contained deliquescent salts, such as calcium chloride and 
magnesium chloride, the purpose being to keep the boards in a 
thoroughly saturated condition. 

Class 2 included borax, sodium carbonate, sodium bicarbonate, lime, 
and sodium hydroxide. These were selected to neutralize any acid 
substances that might be present in or formed by the wood. 

Class S contained chemicals that were expected to poison the fungi, 
and included zinc and mercuric chlorides, copper sulphate, phraiol, 
and naphthalene flakes. All of these, except the last, were mixed in 



Fio. 1. — Wooden trousb used for sap-stain eiperlinents. 

a wooden trough at atmospheric temperature. No artificial heat was 
used except with the borax solution, when the water was wanned 
to about 115° F. The naphthalene flakes were simply sprinkled 
between the freshly cut boards. 



Sap longleaf pine boards were used in the tests. They were se- 
lected from sound, green logs, free from stain. Some were planed 
immediately after they were sawed and before the treatment. They 
were 1 inch thick, 12 inches wide, and 12 feet long, and about 1,000 
feet were used in each test The boards were treated fresh from the 
saw and were then piled in the yard to season. 

APPARATUS. 

A wooden trough, 2 feet wide, 1 foot deep, and 14 feet long, con- 
tained the chemicals. (Fig. 1.) The immersion of the boards in the 
fluid was done by hand. They were held in less than a minute and 
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then stacked in the yard, half in solid piles, to put the preservative 
to a most severe test, and half in open piles, according to ordinary 
mill methods, allowing 2-inch air chambers and using cross sticks 
1 inch thick. To make the test as severe as possible, the piles were 
placed in a portion of the seasoning yard where the air was con- 
stantly stirred and filled with dust from passing engines and teams. 

In large operations, instead of immersing the boards by hand, an 
endless chain may be used, by means of which they can be dipped 
in the tank containing the solution. Another method of mechanically 
applying the chemical consists in applying the preservative as they 
pass along a roller conveyor. (Fig. 2.) The essential parts of this 
apparatus consist of a closed loop or sprayer of pipes, perforated with 
^-inch holes spaced one- fourth inch apart. To prevent waste of the 
solution, the sprayer is covered with a sheet-iron hood, by which the 
excess liquid is conducted by gravity back to the storage tank. Con- 
stant circulation of the solution through the sprayer is maintained by 
the use of a centrifugal pump connected with the driving motor. 
The boards are sprayed on all surfaces as they pass along the rollers, 
and brushes remove the excess solution. Some mills plane their 
boards green, and in such cases the spraying apparatus could easily 
be coupled to the planing machinery. 

As a basis for comparison the untreated boards were piled in the 
same manner as the treated. 

EXAMINING THE BOABDS. 

While the tests were in progress the piles of boards were torn 
down about every two weeks, examined for stain, weighed, and 
restacked. Attacks by insects were also noted. The following scheme 
was adopted for classifying the boards : 

Clear.-^BosLvds with no stain and perfectly bright. 

Light. — Boards with from 1 to 10 per cent of their surface stained. 

Medium. — Boards with from 11 to 25 per cent of their surface 
stained. 

Heavy. — Boards with more than 25 per cent of their surface 
stained. 

Tests with various chemicals were continued during two or three 
months, and the results are shown in Table I, and for some of the 
more important preservatives graphically in figure 3. 

BESXJLTS OF EXPEBIKENTS. 
UNTREATED BOABDS. 

All untreated boards placed in solid piles were stained in less than 
one month. Those piled openly were not so severely attacked, but 
only 35 per cent of them remained bright at the end of one month's 
exposure. This shows clearly the advantage of piling boards in a 
way to permit the free circulation of air. 
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PREVENTION OF SAP STAIN IN LUMBER. 



CALCIUM AND MAGNESIUM CHLORIDES. 

Five per cent solutions of these chemicals were used, the sole pur- 
pose being to keep the boards moist. The dipped boards were piled 
solidly and examined at the end of two weeks. Practically all were 
heavily stained. This seemed to show so conclusively that stain can 



I 
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V 



not be prevented by keeping the boards moist that further experi- 
ments along that line were discontinued. 



BORAX. 



A 5 per cent solution of borax was used. The boards treated with 
it, ii\ both open and close piles, were attacked by stain. All boards 
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in the close piles and 75 per cent of those in the open piles were 
stained at the end of two weeks. After one month's exposure 92 per 
cent of the boards in the open piles were stained. It is apparent, 
therefore, that this soluticMi was not effective in preventing attack 
from sap-staining fungi. Moreover, boards treated with it are fre- 
quently covered with a streaky white precipitate. 

SODIUM CARBONATE AND LIME. 

A solution was made of 4 per cent sodium carbonate and 2 per cent 
unslaked lime. At the end of two weeks 76 per cent of the closely 
piled boards were discolored, while all in the open piles remained 
clear. At the end of another two weeks most of the boards in the 
open piles showed stain, and the experiment was discontinued. This 
solution left streaky white precipitates on the surface of the wood. 

SODIUM HYDROXIDE. 

Boards dipped in a 3 per cent solution of this chemical and placed 
in close piles were practically all stained at the end of 30 days. A 
5 per cent solution was then used, and the boards placed in both open 
and close piles. After one month's exposure 98 per cent of the 
boards in close piles and about 70 per cent in the open piles had been 
attacked. These results were very unsatisfactory and the experiment 
was discontinued. The boards were stained a vivid yellow, though 
this color became less pronounced on long exposure. 

SODIUM BICARBONATE. 

Solutions of this chemical from 5 to 15 per cent in concentration 
were used. At the end of one month 17 per cent of the boards treated 
with the 5 per cent solution and exposed in an open pile and 97 per 
cent in a close pile were stained. With an 8 per cent solution and 
an exposure of 30 days only 20 per cent of the boards in the open pile 
were discolored, but in the close pile 87 per cent were affected. When 
a 12 per cent solution was employed all boards in the open pile re- 
mained bright at the end of a month, but 70 per cent of those in the 
close pile were stained. Boards treated with a 15 per cent solution 
and placed in open piles were free from stain at the end of 30 days. 
Practically all of those in the solid pile were attacked. These results 
show that the solutions of sodium bicarbonate were better than any 
of the other alkalis used. The heavier concentrations were effective 
when the boards were placed in open piles, but were not effective 
when they were close piled. The treated wood was stained yellow, 
but the color partly disappeared with time. Sodium bicarbonate has 
a tendency to leave a streaky precipitate oh the surface of the boards. 
If the lumber is planed before shipment the objection on account of 
the precipitates is removed, but a number of manufacturers contend 
that in planing the lumber their machine knives are quickly dulled. 
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However, tests made at the Forest Products Laboratory showed no 
marked tendency on the part of soda-dipped boards to increase the 
dulling of knives. Of several representative mills which planed 
soda-dipped lumber, about one-half were of the opinion that the 
treated boards dulled knives more rapidly than the untreated and 
one-half were of the contrary opinion. It appears that careless dip- 
ping and impure chemicals increase the rapidity of the knives dulling. 

PHENOL (carbolic ACID). 

A test was made with a 2 per cent solution of this chemical, the 
boards being placed both in open and close piles. At the end of 30 
days 90 per cent of those in open and 98 per cent of those in close 
piles were stained. The test was therefore carried no further. 

NAPHTHALENE FLAKES. 

The flakes were sprinkled between the boards, which were placed 
in a close pile. At the end of 30 days 68 per cent were discolored, and 
the experiment was discontinued. The test also showed that it is 
impracticable to apply a preservative in this manner because of the 
great labor involved. 

COPPER SULPHATE. 

Solutions of copper sulphate varying from 0.5 to 5 per cent were 
used. The 0.5 per cent solution proved wholly ineffective. After 
one month's exposure 77 per cent of the boards in the open pile and 
all of those in the close pile were stained. The results secured 
with the 1.5 per cent solution were very little better. All of the 
boards treated with the 5 per cent solution were close piled. At the 
end of one month 75 per cent were stained. These solutions discolor 
the lumber with vivid green streaks, which would unquestionably 
lessen its sale value. 

ZINC CHLORIDE. 

Tests were made with 1 and 5 per cent solutions of zinc chloride. 
Ninety per cent of the boards dipped in the 1 per cent solution and 
placed in open piles were discolored at the end of 30 days. All of 
those in the close piles were stained. When the 5 per cent solution 
was used, 55 per cent of the open-piled boards and all of those in the 
close pile were attacked during a month's exposure. 

MERCURIC CHLORmE. 

Solutions of mercuric chloride ranging in strength from 0.075 to 
1 per cent were used. Eighty-six per cent of the boards treated with 
the 0.075 per cent solution and exposed in solid piles were stained at 
the end of 30 days, but only 4 per cent of those in the open piles 
showed discoloration. The 0.1 per cent solution was more effective. 
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All boards treated with it and placed in open piles were clear at the 
end of 42 days, while only 14 per cent of those in close piles had been 
attacked. Two months after treatment only 4 per cent in the open 
pile were stained, but 93 per cent in the close pile showed discolora- 
tion. With a 0.2 per cent solution only 1 per cent of the open-piled 
boards was stained at the end of two months. In the close pile, how- 
ever, 85 per cent were attacked. With the 1 per cent solution all 
boards in the open pile were free from stain after two months' ex- 
posure and only 4 per cent of those in the solid pile had been attacked. 
As far as effectiveness in preventing stain is concerned mercuric 
chloride solutions gave the best results. Moreover, there is no pre- 
cipitation on or discoloration of the boards. However, on account of 
their poisonous nature, and their activity in corroding metal brought 
into contact with them, such solutions are not recommended for gen- 
eral work. 

Table I. — Efficiency of variovs chemicals in preventing sap stain. 





Treatment. 


Method 
of piling. 


Per cent of stain during seasoning period. 




Clear. 


Light. 


Pfle 
No. 


1 
1 

1 


• 

i 
1 


t 


• 

1 

i 

1 


• 

M 

I 


• 

1 

S 
o 


1 

OQ 


• 

1 

O 

IS 

• 


*t 


TJntreftted 


Open 

Closed.. 

...do 

...do 


61 

19 



8 

25 



100 

24 

75 

91 

100 

94 

67 

97 

93 

100 

96 

100 

100 

84 

5 

80 

30 

3 

58 

14 

87 

26 



78 

25 

100 

77 

100 

100 

100 

100 

100 

100 


35 







17 
4 

1 

4 

43 

22 



39 

25 

9 



6 

14 

3 

6 



4 





16 

22 

12 

18 

1 

17 
1 

13 

15 

1 

13 
22 

14 








38 







*2 


do 










9 


5% magnesium chloride. . 
i>% calciiiTTi chloride 










4 














5 


5% borax 


Open.... 
Closed.. 

jopen.... 

Closed.. 
...do 


8 







59 







A 


.do 










7 


(4% sodimn carbonate 


•■••••• 










fi 


\2% lime 

do 


1 










«Q 


jtV^ HnHiiiTTi hvdroxide 


5 

2 
30 
83 

3 

80 

13 

100 

30 

100 

9 
10 

2 
32 
23 


40 

4 
25 
10 


45 


96 
14 
100 
100 
100 
100 
100 
100 






60 

20 

63 

15 

3 

17 

21 



16 



10 

82 

2 

27 

21 



26 



38 

15 



25 

3 

4 

45 


















10 


fl% sodium hvdroxide 


...do 










11 


do, 


Oi>en.... 

...do 

Closed .. 
Open.... 
Closed.. 

Open 

Closed.. 
Open.... 
Closed.. 

Open 

Closed.. 
...do 










^2 


S% sodium bicarbonate. . . 
do 










♦13 










*14 


8% sodium bicarbonate. . . 
do 










*15 










*16 


12% sodium bicarbonate. . 
do 










*17 










*18 


15% sodium bicarbonate. . 
.do 










*10 










20 


2% nhenol 










21 


do 










22 


Naphthalene. 










*23 


0.fi% copper sulphate 

do 


Open.... 
Closed.. 
Open.... 
Closed .. 
...do 










*24 










*25 


1.5% copper sulphate 

do 










*26 








. 


♦21 


5% coDDer sulnhate 










*22 


1% xinc chloride 


Open.... 
Closed .. 
Open.... 
Closed.. 
Open.... 
Closed.. 

Open 

Closed.. 

Open 

Closed . . 
Open.... 
Closed.. 










♦23 


do 










♦24 


6% zinc chloride 










♦26 


....do 










26 


0.075% mercuric chloride. 
do 










27 










28 
20 


0.1% mercuric chloride. . . 
do 


100 
86 

100 
97 

100 
96 


96 
7 

99 

15 

100 

96 



12 

3 




4 
9 


30 
31 


0.2% mercuric chloride. . . 
do 


1 
33 


82 
33 


1% mercuric chloride 

do 
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Table I. — Efficiency of various chemicals in preventing sa^p stain — Continued. 





Treatment. 

• 


Method 
of piling. 


Per cent of stain during seasoning period. 




Medium. 


Heavy. 


Pile 
No. 


1 

o 


• 

S 
o 


1 

OQ 


• 

1 
1 


1 
g 


s 

o 


1 
1 

QQ 


B 
% 

Eh 


♦1 


Untreated 


Open.... 

Closed . . 

...do 

...do 


10 
11 
3 
8 
22 
16 



29 





13 

1 






22 
8 

25 
5 

13 
8 


I 

9 
17 

6 








14 
3 






12 
66 
96 
80 
10 
62 



8 









16 















51 



27 

91 

12 

77 



50 

99 



36 



3 














13 
97 






♦2 


do 










3 


5% magnesium chloride. . 
5% calcium chloride 










4 














5 


5% borax 


Open 

Closed .. 

jopen..*.. 

Closed . . 
do 


23 







10 
100 






6 


do 










7 


/4% sodium carbonate 

i2% lime 
























8 


do 




*9 


3% fiodiUTTi hydroxidp , . . 


27 

58 

7 

1 

10 

3 

26 



21 



18 

3 



5 

21 



18 

16 

17 

22 

1 

18 
25 

30 












8 

20 



1 

84 



40 



33 



63 

5 

96 

36 

35 

100 

17 

80 

20 

53 

99 

12 

72 



11 


















10 


5% sodium hydroxide 


...do 










11 


do 


Open.... 

...do 

Closed .. 
Open.... 
Closed . . 
Open.... 
Closed . . 
Open.... 
Closed.. 
Open.... 
Closed . . 
...do 










*12 


5% sodium bicarbonate. . . 
do 










*13 










♦14 


8% sodium bicarbonate. . . 
do 










*15 










*16 


12% sodium bicarbonate. . 
do 










♦17 






♦18 


15% sodium bicarbonate.. 
do 










♦19 










20 


2% Dhenol 










21 


do 










22 


Naphthalene 










♦23 


0.5% copper sulphate 

do 


Open 

Closed . . 

Open 

Closed . . 
. ..do 










♦24 










♦25 


1.5% copper sulphate 

do 


1 


....... 




♦26 










♦21 


5% copper sulphate 










♦22 


1% zinc chloride 


Open 

Closed . . 

Open 

Closed.. 

Open 

Closed . . 

Open 

Closed.. 

Open 

Closed . . 
Open.... 
Closed . . 










♦23 


do 










♦24 


5% zinc chloride 










♦25 


do 










26 


0.075% mercuric chloride. 










27 










28 
29 


0.1% mercuric chloride. . . 
do 


E 




2 



14 


24 



2 







2 



70 


30 
31 


0.2% mercuric chloride. . . 
do 



28 


32 
33 


1% mercuric chloride 

do 



2 









Note.— Piles marked with an asterisk (♦) were treated in the fall of 1907; those not marked were treated 
in the fall of 1908. 



RATE OF SEASONING. 

When the test piles of lumber were taken apart the boards were 
weighed to determine the rate at which seasoning had taken place. 
It was found that boards in the open piles dried twice as fast as those 
in solid piles. Rapid decrease in weight is a distinct advantage from 
the shipper's standpoint, on account of decreased freight charges. It 
has the additional advantage that the boards can be more effectively 
protected against stain and insect attacks. The chief objection to 
open piling is that it takes more yard space, but considering its ad- 
vantages it is vastly superior to any known method of solid stacking. 
The results secured in the seasoning test are shown graphically in 
figure 4. 
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INSECT ATTACKS. 



Some depreciation in the value of the lumber used in the experi- 
mental work was caused by the attacks of wood-boring insects. Dur- 
ing the progress of the experiments observations were made to deter- 
mine what effect the different methods of stacking and the various 
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chemicals used had on the activities of the insects. It was found that 
in the open piles practically no insect damage occurred, but that in 
close piles the sapwood was frequently bored into, especially where 
bark adhered to it. Such attacks were most noticeable in wood 
treated with deliquescent salts, which has a tendency to keep the sur- 
face moist. It appears, therefore, that rapid drying lessens insect 
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damage. No insect attacks were noticed where boards had been 
treated with mercuric chloride solutions. 



HABDNESS AND STRENGTH. 
TSEIATED AND UNTREATED MATERIAL. 

Incidental to the application of chemicals to prevent sap stain is 
the question whether such chemicals affect the strength of the wood. 
In this discussion bicarbonate solutions alone tire considered. It has 
been claimed that boards dipped in that chemical become brash and 
brittle, and this has at times resulted in a discrimination against 
soda-dipped lumber. The Forest Products Laboratory, therefore, 
conducted tests to ascertain what effect, if any, such treatment has 
upon the strength of wood. 

A number of shortleaf and longleaf pine boards, 1^ by 4 inches by 
16 feet, treated and untreated, were shipped to. the laboratory by 
the Globe Lumber Co.,. of Yellow Pine, La., and the Gilchrist- 
Fordney Co., of Laurel, Miss. The boards were carefully matched, 
cut into test specimens, and subjected to static bending over a 26- 
inch span, center loaded. Tests were made in accordance with 
standard methods described in Forest Service Circular 38. Addi- 
tional tests to ascertain hardness were made by pressing a steel ball, 
seven-sixteenths of an inch in diameter, into the wood and reading 
the maximum load required up to the time the ball reached a penetra- 
tion equal to one-half its diameter. The results secured by this test 
are given in Table II. They show that the soda-dipped wood is 
slightly stronger, stiffer, and tougher than untreated wood, but the 
difference is so small that it may be due to inherent differences in the 
wood. It is safe to conclude, however, that these properties are not 
reduced by treatment with the sodium bicarbonate. The soda-dipped 
shortleaf pine showed a slight increase in surface hardness, which, 
however, disappeared after the wood became thoroughly air dry. 
Tests on the longleaf pine showed that the treatment made the 
surface no harder. If any increased hardness appeared at first it 
disappeared within three months. 

Table II. — Summary of testa showing the strength of soda-dipped hoards. 



Species. 



Shortleaf pine. 



Longleaf pine. 



Moisture 

I)er cent 

at time 

of test. 



17.7 

17.7 

9.5 

9.6 

17.6 

17.3 

7.32 

7.72 



Condition. 



Untreated... 
Soda dipped 
Untreated... 
Soda dipped 
Untreated... 
Soda dipped 
Untrearad... 
Soda dipped 



strength in static bending. 



F. S. at 
E. L. 

(pounds 
per 

square 
inch). 



6,295 
7,070 
7,729 
8,310 
7,322 
8,292 
10,932 
10,897 



M.ofR. 

(pounds 

per 
square 
inch). 



10,040 
10,964 
13,736 
14,414 
11,679 
12,594 
16,759 
18,306 



M.ofE. 

(1,000 

pounds 

per 
square 
inch). 



1,559 
1,638 
1,792 
1,882 
1,785 
1,904 
2,187 
2,260 



Kes. to 

M.L. 

(pounds 

per 

cubic 

inch). 



9.6 
10.9 

9.8 
10.1 

8.5 

8.93 
11.97 
13.12 



Hard- 
ness, 
total 
load 
(pounds). 



857 
885 
954 
952 
772 
762 
910 
952 
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STAINED AITD UNSTAINID MATBBIAL. 



The tests to determine the effect of sap stain on the hardness and 
strength of wood were made at Washii^on University, St. Louis, 
Mo., with stained and unstained yellow pine. The conclusion reached 
was that the blue wood is slightly stronger, both when compressed 
endwise and when broken crosswise. This result is probably due to 
the fact that at the time the tests were made the stained wood was 
slightly drier than the natural wood with which it was compared, for 
it is improbable that the presence of fungus threads in wood in any 
way strengthens the fiber. However that may be, these tests show 
beyond doubt that for all practical purposes the blued wood is as 
strong as the green wood. 

In order to secure additional data on the subject a number of ex- 
periments were carried on at the Forest Products Laboratory, at 
Madison, using stained and unstained longleaf and shortleaf pine. 
The boards were first carefully matched and then tested in static 
bending over a 26-inch span, with the sides nearest the pith kept 
uppermost. In addition, hardness tests were made in the same 
manner as described on page 16, where the steel ball was used. In 
all, 750 tests were made to determine the strength of stained and un- 
stained pine, and the results are given in Table III. They show that 
for the same moisture content the heavily stained shortleaf pine was 
slightly weaker, less tough, and showed less surface hardness than 
the unstained. In the longleaf pine, which was only slightly stained, 
the differences in strength, toughness, and hardness between stained 
and unstained boards were too slight to be noticed. These tests tend 
to substantiate the results reached in the St. Louis experiments. 

Table III. — Summary of tests showing the strength of sap-stamed wood. 



SpeckB. 



Shortleaf pine. 
Longleaf pine. 



Moisture 

percent 

at time 

of test. 



17.7 
9.6 
8.7 

17.6 
7.32 
7.34 



Condition. 



Strength in static bending. 



L. 



Unstained. 

do 

Stained... 
Unstained. 

do 

Stained... 



F. S. at 
E. L. 

(pounds 
per 

square 
inch). 



6,295 
7,729 
&9Q2 
7,322 
10,982 
11,296 



M. of R. 

(pounds 

per 
square 
inch). 



10,040 
13,736 
14,061 
11,679 
1<^7M 
17,858 



M. of E. 

(1,000 
pounds 

per 
square 
inch). 



1,559 
1,792 
1,883 
1,785 
2,187 
2,374 



Res. to 

M. L. 

(pounds 

per 

cubic 

inch). 



9.6 
9.8 
9.4 
8.5 
11.97 
11.77 



Hard 

ness, 

total 

load 

(pounds> 



857 
954 
852 
772 
910 
883 



inflammabujtt or soda-dipped wood. 

It has been claimed that shavings from soda-dipped wood can not 
readily be burned, and tests were made at the Madison laboratory 
to procure reliable data on the subject. Shavings treated with bicar- 
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bonate of soda were used. An air-seasoned plank of loblolly pine 
was run through a planing machine and the shavings divided into 
four groups, one of which was kept in an untreated condition. The 
three others were dipped in solutions of sodium bicarbonate of 2, 4, 
and 8 per cent, respectively, for 16 hours at room temperature. The 
shavings were then dried and 200 grams of each group were placed 
on an iron screen and subjected to the flame of a Bunsen burner for 
60 seconds. The time required for the shavings to ignite and the 
duration of the flame are shown below. 



Treatment. 


Time to ignite. 


Duration of flame. 


Natural 


53 seconds 


2 minutes 15 seconds. 


2 ppT p^Tit. sodiiiTTi hinsLrbniiAtA 


65 seconds 


3 minutes. 


4 per cent sodium- bicarbonate 


2 minutes 13 seconds 

2 minutes 25 seconds 


4 minutes 37 seconds. 


8 per cent sodium bicarbonate 


5 minutes 45 seconds. 







The conditions of this test were more severe than those likely to 
occur in practice, because the shavings were soaked a long time in 
the solution, while in practice the boards are simply dipped in it. 
The test shows that sodium bicarbonate has a tendency to lessen the 
liability of wood to ignite, but the decrease is so slight that it is 
believed to have no practical significance. 

COST OF TREATMENT. 

If the chemical solutions are applied by hand, all the apparatus 
necessary is a water-tight trough, shown in figure 1, which costs 
about $15. The cost of applying an effective bicarbonate solution by 
that method is from 20 to 25 cents per thousand board feet. If the 
boards are dipped by means of an endless chain in a tank containing 
the solution, the cost of the apparatus will be about $500. If the 
solution is applied by a sprayer, such as is shown in figure 2, the 
apparatus will cost from $500 to $600. Table IV shows the estimated 
cost of applying sap-stain solutions by hand and by machine. 

Table IV. — Estimated cost, per 1,000 hoard feet, of treating hoards with sap- 
stain solutions. 



Solution. 



0.1%HgClt«. 
0.2% HgCUo . 
0.1% HgClia+0.1 
0.2% ffiCU+O.!' 
8%NaHC08c 

12% NaHOOs 




HCI& 
01... 



Chemical. 



10.04 
.08 
.05 
.09 
.06 
.09 



Labor by- 



Hand. 



10.15 
.15 
.16 
.15 
.15 
.15 



Machine. 



10.01 
.01 
.01 
.01 
.01 
.01 



Total by- 



Hand. 



10.19 
.23 
.20 
.24 
.21 
.24 



Machine. 



$0.05 
.09 
.06 
.10 
.07 
.10 



o Hgdr* meccurio chloride. b HC1» hydrochlorio acid. e XaHCOr* sodlun^ bJoarhonate. 
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CONCLUSIONS. 

The following conclusions may be drawn from the tests: 

1. Freshly cut sap lumber when stacked in the yard to dry should 
be stacked in open piles to permit thQ free circulation of air. Boards 
so piled season in about half the time required for those piled in close 
piles. Open piles, moreover, are not so severely attacked by insects 
and are more effectively protected against sap stain. 

2. In commercial work sap stain can be most effectively prevented 
by dipping boards in solutions of sodium bicarbonate. Such solu- 
tions, though they give fairly good results, leave much to be desired. 
The strength of the solution should be determined by the severity of 
the conditions under which the boards are to season, but in general 
it will require from 5 to 10 per cent. Care should be taken that the 
chemical used is not mixed with adulterants. 

3. The best results in preventing sap stain were secured with mer- 
curic chloride solutions, but on account of their poisonous nature 
they are not recommended for general use. 

4. The solution made by mixing sodium carbonate and lime was 
not as effective as one of sodium bicarbonate alone. Moreover, it 
had a greater tendency to streak the surface of the boards with a 
white precipitate. 

5. Solutions of magnesium chloride, calcium chloride, sodium 
hydroxide, phenol, copper sulphate, and zinc chloride did not pre- 
vent sap stain ; nor did sprinkling the boards with naphthalene flakes 
give satisfactory results. 

6. On account of cheapness and facility in operation, it is recom- 
mended that sap-stain solutions be applied to the boards by machinery. 
If this is done, the cost of treating lumber with solutions of sodium 
bicarbonate will amount to from 7 to 10 cents per 1,000 board feet. 

7. The indications are that shavings planed from soda-dipped 
boards do not bum as readily as those from untreated boards, but the 
difference in inflammability is so slight that for commercial pur- 
poses it may be neglected. 

8. At the same moisture content sap-stained boards are slightly 
weaker than those free from stain, but the difference is so small as 
to be of no practical importance. 

9. Soda-dipped lumber is a little stronger, stiffer, tougher, and has 
a greater surface hardness than natural lumber, but these differences 
are exceedingly small and for practical purposes may be neglected. 

Approved. 

James Wilson, 

Secretary of AgricuHmre, 

Washington, D. C, September 20^ 1911. 
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MECHANICAL PROPERTIES OF REDWOOD. 



THE STTTDY. 



This circiilar presents the results of a series of tests made to deter- 
mine the mechanical properties of redwood.* They were made at 
laboratories of the Forest Service conducted in cooperation with the 
University of California, at Berkeley, and with the University of 
Washington, at Seattle. 

The stringers and joists used hi the tests were furnished without 
cost by the California Redwood Association. The material was 
selected at mills in Mendocino and Humboldt Counties, CaUfornia, 
by representatives of the Forest Service. Care was taken to include 
timber which was representative of the range of quality found in 
market material. 



THE BEDWOOD OF COMMEBCE. 
DISTRIBUTION. 



Redwood (Sequoia sempervirens) grows on the California coast in 
a strip extending inland from 10 to 30 miles and extending from the 
northern border of the State southward to a little below Santa Bar- 
bara. Redwood may be confused with the bigtree {Sequoia vxtsMng- 
toniana), noted for its size and age, but these "big trees" are no 
longer used for lumber, except in cases where they are blown down. 

APPEARANCE AND CHARACTERISTICS OP THE WOOD. 

The heartwood varies in color from a light cherry to a dark mahog- 
any. The narrow band of sapwood is almost white. The wood is 
generally straight-graiaed and is comparatively light and soft, though 
individual pieces may be very hard and heavy and have an irregular 
grain. The number of annual rings in cross section of the material 
tested varied from 10 to 60 iq an inch. The bark is reddish-brown 
in color and very fibrous. 

USES. 

Redwood is used for all kinds of construction and finishing pur- 
poses, for ties, shingles, paving blocks, telephone and telegraph 
poles, and tank and pipe staves. In Australia and on the Pacific 

I Forest Service Bulletin 38, The Redwood, inclndes a stndy of the tree, of the browxHTot disease of the 
xedwood, and of its insect enemies. 
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6 MECHANICAL PBOPERTIES OF BEDWOOD. 

coast it is extensively used in the manufacture of sash and doors. 
Redwood ties equipped with tie plates laid in the valley between 
San Francisco and Los Angeles have given from 10 to 12 years' serv- 
ice. The adoption of a larger tie plate is expected to prolong the 
period of service, since fi^om 80 to 85 per cent of the removals were 
due to mechanical wear. These ties were all splft from logs a con- 
siderable distance below the limbs. Sawed ties and ties cut from 
limbs are considered less desirable. Immunity from decay and the 
ravages of white ants makes redwood desirable for tunnel timbers, 
foundation work, mudsills, curbing, fluming, paving blocks, fence 
posts, and telephone and telegraph poles. Redwood resists fire well, 
and even when ignited bums very slowly. It checks but little when 
exposed to the sun, and is practically free from resin. These proper- 
ties make it especially. suitable for use in buildings. 

MATERIAL FOB THE TESTS. 

The test material was divided into two classes. 

The first class included stringers and joists which contain defects 
such as knots and checks present in timber purchased on the market. 
The stringers were of three sizes — 8 by 16 inches by 16 feet, 6 by 12 
inches by 16 feet, and 7 by 9 inches by 16 feet. The joists were of 
four sizes — 3 by 14 inches by 16 feet, 2 by 12 inches by 16 feet, 2 by 
10 inches by 16 feet, and 2 by 8 inches by 16 feet. There were 10 of 
each size. The purpose of the tests on this material was to secure 
strength values for use in design; to find out whether there were 
differences in strength values of timber from different localities, and 
to determine the influence of seasoning and defects on the strength 
of commercial-sized timbers. 

The second class was made up of small, clear, straight-grained 
specimens cut from the uninjured portions of the tested stringers and 
joists, and these in turn were tested to study the effects on their 
strength of the rate of growth of the proportion of summerwood and 
of the weight. For such studies only perfect, clear material can be 
used. 

METHODS OF TESTS.^ 

Four kinds of tests were made, to show strength in bending, in 
compression parallel to grain, in compression perpendicular to grain, 
and in resistance to shearing. 

BENDING TESTS. 

In the bending tests, the specimens were supported near the ends 
and the load applied either at the center or at two points each one- 
third the length of the span from the end supports. This latter 

1 For a more complete description of the methods of test employed by the Forest Service see Bulletixi 108, 
Tests of Structural Timbers, by McOarvey Clioe and A. L. Heim. 
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method is termed third-point loading. Center loading was used in 
the tests of small, clear specimens; 2 by 2 by 30 inches; third-point 
loading; which more nearly corresponds to the conditions to which a 
beam is subjected in structural work, was used in testing the stringers 
and joists. In the tests of joists a. special support was used at the 
ends and third-points to keep the joist from tipping over. The tests 
were made with a universal testing machine aiid the load was applied 
gradually and continuously until the pieces failed. The amount of 
bending or deflection at the center of the piece was noted at regular 
increments of load. Four factors were calculated from the data 
derived from each bending test, all in terms of pounds per square 
inch. These were : 

Fiber stress at elastic limit, which represents the greatest stress that 
a beam can sustain under a load from which it will recover without 
permanent deflection. 

ModyJ/us of rupture f which represents the greatest computed stress 
in a beam which has been loaded to the breaking point. 

Modulus of elasticity y which is a factor computed from the relation 
between the load and deflection within the elastic limit and which 
represents the stiffness of the piece of wood under test. 

Horizontal shear, which represents the force that tends to split the 
beam under test into two halves along the neutral plane, for example 
the plane between the upper and lower halves when the beam is 
horizontal. 

COMPBESSIOK PARALLEL TO THE GRAIN. 

In the tests for compression parallel to the grain two sizes of speci- 
mens were used, 6-inGh by 6-inch by 24-inch pieces cut from the 
stringers, and 2 by 2 by 8 inch pieces cut from all small bending-test 
specimens. These pieces were set upright on the weighing platform 
of the testing machine and crushed endwise. Observations of load 
and deflection were recorded as in the bending tests. From the data 
recorded the following factors were calculated in terms of potmds per 
square inch: Crushing strength at elastic limit, crushing strength at 
maximima load, and modulus of elasticity. 
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MECHANICAL PBOPEBTIBS OF BBDWOOD. 



COMPRESSION PERPENDICULAR TO THE GRAIN. 

In the tests for compression perpendicular to grain the specimens 
consisted of one 24-inch section from each stringer and joist and one 
2 by 2 by 8 inch section from each of the small bending specimens. 
Tests on the stringer and joist specimens were made by placing the 
piece on its narrow face, on the weighing platform of the testing 
machine, with the grain parallel to the platform. The load was, 
appUed to a steel plate 6 inches wide. The 2-inch-wide specimens 
were similarly tested, except that the steel plate through which the 
load was applied was only 2 inches across instead of 6 inches. Cor- 
responding observations of load and deflection or crushing were 
taken, up to the elastic limit. From the data recorded, the crushing 
strength at elastic limit was calculated for each test in pounds per 
square inch. 

^ SHEARING. 

The shearing tests were made on small, clear blocks with a project- 
ing lip 2 by 2 inches in section. The blocks were held firmly and the 
lip sheared off parallel to the grain. The load required to shear off 
the lip was computed in pounds per square inch for each test. 

Table 2. — Relative strength of material from Mendocino County {Shipment A) and 

Humboldt County (Shipment B), green material. 



Mat^ials. 



8 by 16 inches— 15-foot span: 

Shipment B 

Shipment A , 

Ratio, Shipment B to 
Shipment A 

6 by 12 inches— l&-fo6t span: 

Shipment B 

Shipment A 

Ratio, Shipment B to 
Shipment A 

7 by 9 inches— 15-foot span: 

Shipment B 

Shipment A 

Ratio, Shipment B to 

Shipment A 

3 by 14 Inches— 15 -foot span: 

Shipment B 

Shipment A 

Ratio, Shipment B to 

Shipment A 

2 by 12 inches— 15-foot si>an: 

Shipment B 

Shipment A 

Ratio, Shipment B to 

Shipment A 

2 by 10 inches— 15-foot span: 

Shipment B 

Shipment A 

Ratio, Shipment B to 

Shipment A 

2 by 8 inches— 15-foot span: 

Shljnnent B 

Shipment A 

Raao, Shipment B to 

Shipment A 

2 by 2 inches— 28-faich span: 

Shipment B 

' ShlpmentA 

Ratio, Shipment B to 
ShlpmentA 



Num- 
ber of 
tests. 



7 
7 



7 

7 



7 
7 



7 
6 



6 
6 



7 

6 



7 
6 



84 
73 



Weight 
per 
cubic 
foot 
(oven- 
dry). 



Pounds. 
21.4 
23.0 



Mois- 
ture. 



Per 
cent. 
90.0 
74.0 



OW. A 




21.5 
23.8 


91.5 
83.0 


90.4 




21.5 
24.9 


82.2 
77.4 


86.4 




22.2 
22.3 


82.5 
90.2 


99.6 




23.0 
23.1 


82.4 
69.5 


99.6 




23.2 
23.1 


73.1 
35.6 


100.8 




22.7 
23.1 


74.1 
51.8 


98.4 




21.2 
23.8 


81.0 
68.9 


89.2 





Rings 

per 

inch. 



ber. 
16.5 
23.2 

71.2 

10.3 
25.4 

40.6 

13.3 
20.2 

65.8 

19.4 
28.7 

67.7 

15.3 
21.9 

69.9 

14.6 
26.3 

55.6 

17.9 
25.6 

70.0 

14.5 
24.4 

69.6 



Fiber 

stress at 

elastic 

limit. 



Lbs. per 
sq. in. 
3,707 
3,760 

98.6 

8,609 
3,966 

91.0 

3,919 
4,906 

79.8 

3,506 
3,340 

104.9 

3,507 
2,603 

130.2 

3,587 
2,933 

122.4 

2,414 
8,658 

66.1 

4,527 
5,018 

90.3 



Modulus 

of 
rupture. 



Lbs. per 
sq. tn. 
4,506 
4,479 

ioa6 

4,100 
4,794 

85.7 

4^256 
6,303 

67.6 

4,450 
4,263 

104.3 

3,873 
3,633 

106.6 

4,182 
3,960 

105.7 

3,185 
5,087 

62.7 

6,555 
7,458 

87.8 



Modulus 

of 
elasticity. 



1,000 lbs. 
per sq. in. 
981 
1,051 

93.2 

972 
1,163 

83.6 

1,115 
1,396 

79.9 

984 
905 

106.7 

1,176 
928 

126.7 

1,130 
1,080 

104.6 

1,089 
1,200 

90.8 

1,025 
1,101 

93.1 



Calcu- 
lated 
horizontal 
shear. 



Lbs. per 

sq. in. 
296 
301 

99.1 

206 
242 

84.7 

157 
241 

65.2 

259 
249 

104.0 

190 
183 

103.8 

172 
166 

103.5 

104 
170 

61.2 

232 
266 

87.2 



54612^— Cir. 193—1^ 



10 



MECHANICAL PB0PEBTIS8 OF BEDWOOD. 



91 

1 



8 

xi 



S 



h 



g 






b 



a 

o 



;S" 






I 



ooSoaQoooooaoo 



I 1 

I I 

o a> V 



1^^ 

(3 *j -tS 

«> S (3 

ill 

Im o o 

•SSS 

III 

t> EbSo 






o.o.o.o.o.o o o.o.o o,? S 3 



^s 



a> 



a5 

o 






QQ 



QQ 



GQ 



Ot>OOQt)t>HHEHH6HEH6H 



1 

I 

00 



o 






o 



CO 

> 



'JOAO pU« 



*-4 Obi-i 



C»t*»-I 



OOtOt^ 



to 



•S9H0UI f X 



Oft'H-'dtCICS tHOOtOC«OC9C4(Ot« 



CI 

•3 
> 



•J8A0 pUB 

soqani fi 



<Hr-|kQC4fH 



•eoqoui f X 

WBH% SS91 



> 



'JOAO pUB 

soqonT fx 



•soiioui Ix 
neq!( ssai 



^9 



CO 



rHeo»-< 



i^eotH 



eo »H 



o 



*Q 



» I 



WiH 



• M 



C4 



iHO 



00 C4 



cq^cc^ 



04 C4 



M 



eo 



^ w3eo»^ 



s^-^ss 



•H CO 



«r-t 



JOd) JTOTp 1B^U<WTJ0H 






ec 



e3^p»oo»ft«oa>N»ob-t^Qou3»« 
iiSS5^83g585c3§J:;SSS 






"S" 



'(qou} ojmibs J8d) 
i:!^iaii)8«[e JO sninpoH 



S Jpi-ie0O« 

J"^ .-< T-J l-t 1-( 



t^TOjOOOOQrHt^i-HlO 



CO 

o 



1 eo rM N O •H lO i-H 1 



icoF-csl" 



1 Oil -g; CO CO 00 



•(qonj arenbs J9d) ^iran 






281 

»-4 CO  



iOO< 



e«3 



^"^^co^ 'i' CO w ro CO CO CO CO '^ 



CO 



^r-ico5c«OC4b>b»>Ocib-«<OAcO 
Tf uT^-^jT^-^co CO CO cf CO ef eCw 



00 



So 

CO 



1 

CO 
H 

e2 



'(qam sivnbs 
led) eii4diu jo 8QX°P0H 



•S«oS>-4fH<0 co>o^'^^oouS< 

*^«o'»o«o»cr'^ 






•^•^■^■^■^•^•^COr-i 



.^^SSS§SS8i2Sg8 



osS55^Soc5b-.>fteoc5»oa»d6t^ 



•uon 
^B09|SS6T9 uonaos-ssojQ 



•>4l-<C0«H«H »H 00 CO iH rH »-l f-* ifH C» 



■pooAkdvs JO noi)jodoi j 



k«IOOOOO ooooooooo 

i5^ 



coi-iNc^.-i»-i.-iTHtHe*eo»H»H^ 



oooooooooooooo 



^ 



'POOAL 

■jannmM ;o nopModoj j 



A y^cocococ* CO w CO ci ^ T^co coco 



04 

CO 



co"*«ocoTHOO«ofcot-«"*e«T»» 
Tficocoesicocicocie^oooo'^'HvH 



niani jod 89a|H 



<«tCC0U3O >OCOO>QOCO toco 



Ok 
Ok 



ocooooo)cot^>o>otooa)0 

C0rHr4i>HC4 « CO i-llHi-« 



^ 



oc 



•too; 
oiqno J8d )q3T0il JUq 



. -<«« a» 00 o a» aooTHC4MC«o>oa> 



•ojiDglOH 



llOftCOi-icOO t^OC«t»'««OMOOO 



ft* 



C4 



tOiOO»OOeO<^'OOOQO«-iOOt^ 



s^ 



^S^£9S§^8§^S^S^S^S3c^S8 



to 



a» C4 r-t o *-< 00 CO 00 o 00 a» o too 

tH C* 



s^ 



CO 



*0X OOaOJGIOH 



tHC^co'«'»o «o ««• 00 o» o r-i ei CO •* 



Or-ieico'* 



:^s^ss8s^s^ssssss«s 



§ 
s 



Is 






00 



CO 



^ 



MBOHAKIOAt PBOPEBTIES OF BBDWOOD. 



H 



I 

s 



a 



o 
a 



I 

a 
s 



§ 



I 



^i^ 

5 



O 

p p p a fl E'p p p src s grc s 
^^;z;^^»:)^^^h) Oh) Oi 



43 

.a 



0« 



Is 



|SS|||SSSSS§SS 

ooos^ooooooooo 




I 
3 



^^^rjxS^^^'O^ She-" E^Eh 



CO 



HOQ 



H fH 



odo t^oo o t«oEH 



3 

Q 



.P 
QQ 



• 09 

• O 



i 



QQ 

9 
p- 

i 



P 

o 

CO 

p< 

a 

o 



C4»0 



CO 



r^tHO eso «oc9 



t^lOCQtO 



«D*o 



coeoi-ti^«D 



M-* 



»«• 1-« 



eo'O* 



eo 



«OC4 



^ 



i-«eoO »-<eo eoiH 

CO CO 



sa^s - 



U3^e^'«CO«-4rHeO 



go, 



«0"^.-i 



AC4 fH iH 



«OCO 



CO 



C4 



eo«i-< 



>o 



CI 



Cl 



CI 



F-icie« 



tHM 



« 



C«C» 



 CI eo 



CO CO 



C« CO 



C4 



N T-4.H 



C9 



a» 



C4 



c« 



>o 



•o 






3 



gg§§ i§§a§§8§§ 



ClC9r-i r-li-4<-l »H i-t i-H rH ^ 



8 

I 



I 

A 

o 

s 

1 



«N 35 ■^ eo eo O CO i-H o iH THt«» « 

W fH iH iH »H »H 1-1 fH fH rH ri* IH 



g 



CO COC4 9 






§ 



!S6S9 SQ^;^ SB t»t-o» 



«0 lO aO U9 -^t ^ ^ <«■« CO C«CO COM 



c« 



^* ^^ CO CO 



gi 



lopoo 

'»H t5«H»H 



eocoooe^dcoMe^M 



m % i§: 



CO 



loeocf cfcoeC eC cTcoco 



t»fHab00v-tt>>Ok<Oo9Q0 

#\ »» _y« _■» _•» v^ a^ ^ ^ •s 

0> t^CD (O 4D to ^ ^ ^00 



OO 



OO 

coco eoc4 



»o 



•h ws ««k vh 



POOQC 

t^ao@o< 

■0<HOO< 

• fc *s. • » »w v^ ws ^ •^ ^ 

^^^^COCOCOCOW 






CO 



ooo 

♦HrHO 

t^ooS 

•©"^CO 



CO CO CO 



g 



ICOtH 



CO eo CO CO 



IC« C^fHCO C« 1HC404 



OOt^OOOOOOO OO OO 



OOOO OOOOOOOOO 



OOO ooo O OOO 



p 

n 

I 

p 



I 



fHeo«0gD^oae«ioco qoo cosj 

^ CO CO C9 iH CO CO fH iH iH C4lH fH 04 



aoc«Tf«D «o o lo 00 rH f^ iQ US C4 
coiHco iHrH^ cocoe4eoiH 



c« 



fHco eoiHC^ iH es[t-ico 



ooocoeooioooooo oo ou) 






OO^OOf-I lO >0 O lO U3 (H t« >0 00 

• ••• •■•••••■• 

elcoco^ fH rH iH e^ iH eo fH c9 



t- 

S^ 



tOOCO C0»O«O iH C400 



1HU>«0 t^OfH tH 
eOiHr-4 vHrHCO iH 



eo 



o ao eo >o eo «o «o 00 00 lo t>>o r^A 



C4 



oeo«oe« 00 a» o «0 CO to rH fH t^ 



04 



tOOOO >OC4fH 00 «00>iO 



gS^S^SISS^SSSSS s^s^ s^s 



S9 



ss^sss ss§$;:ss^:^s^s^ 



£^S9S s^^gi s s^ss - 



C4r«eoiOiHeoeoooo»eo <OtH co«o 



00 



•OC400W 04 '« 00 04 00 M et CO «o 



SudS^ s 



r^co (O QO ( 



• • t • 



'^^8 



S 



lOOOrH «OC0«O 04 OktoOk 



§§Sqi S8g^ S 9E^2 



SSsSSSSSSSSSoS {S9 ^9 



9999 !;:99SlS@8333 



3SiO<0 aSvcO <P vv3 






► 
-< ^ 



CO 



8) 

I 

<1 C4 






12 



MBCHANICAL PBOFSBTIBS OF BEDWOOD. 



a 
g 



I 

I 
•I 



I 



8 

I 

«9 



I I 

I I 

CO C4 



^ i 



S9 



B 

a 

o 



I 



I 

9 




p 



I 

CO 



s 

II 

■a 



ji 



' I- 

2 2 1^ «« 9 



SSS> 

§3 



i 






I 



ii 



^^(I^ ^^S^QJi^OO 



^^*^ll5 



M 

ssfiseso § s s 5 



S 3 

O 



t" H 



odd dddaidoQQdE-io^H 



£h gH^^O 



€-»t^H 



d ddnd ddcje^ 



I 



00 



ft^ 



CO 

e2 






o 



o 
hi 



CO 

•3 



04 

•3 
> 



sogoni ^x 



a» *o 



^ C4i-« 



I 






00 -^ •■*«'♦ 



«« evix^ct 



««>-,-i 



•saqoaj ^x 
xreq-j SS81 



o e« 



c^Qeo «co«9ao^aktoc9eoM 



Q OC«*OCO «-l 



'J9A0 pU« 

seqoni fx 
•seqouf f X 
mm ssoq 



fH eo 



o 

> 



UOAO pU« 

89qoa|fx 



<0 fH 



« ■* 



'saqou} f X 

WBJl% SS9T 



n 



1-1 « 



c« • 



(OCO 



C4 



CO 



04 



*o 



J9d) j«9qs ]v:^nozpoH 



i(:^ID{^8Bi9 to snxnpoK 












58 



'(qonf oi«nT>8 
J9d) dju^dai JO SQfnpoH 



;S 



eo 04 



So 



i 



8 



CO 



CO 



VieVCt rH f-4 iH F^ iH 1-^ i-< iH r-l 1-S 



-BOyiSSBp no'n098-S80JO 



•poo Aides JO noj!^odoj(j 






^^^ et co^H e»«-iT-« iQf- 



ico*-<o»«-tTHiot-tr-( 



SI 



kO<4<^ CO CO eo eo 04 CO f-i n 04 04 



3qS SSSSSSSSsiS 

tO04i-« iO CO 91 O ■« CO CO v-4 O) o 

(O'lO «o ^Tir^^eo'cococo04'c4' 



iHC4e4 04 iH 04 tH »-l 04 iH rH 04 1-1 



ooo oooooooooo 



o 



CO 



04 »Hi-li-t,-H |.H*-4r>«*iH 



3 g^i9 n^sn 



§ s 



C0( 



•« -^<«04eo eoe40<re« 



Ills 



«0 IO«0'^-<«l -^CQCOCO 



th e«iHe4e4 e4i-ie4i-i 



o oooo oooo 



'poo^ 
"j.omums JO nonjodoj j 



A ut-i eo 



s; 



i-li-HCO ^^ 1-H eo CO CO CO 04 09 iH iH 



£^ 



eo ^cocouS 1-IC4 CI 



*qoa{ J9d 63aiH 



00 



^8 a 



00 



iQOCO OOOOtOOOCOOOOO 



o 



o eeoi-i-^ 00U30 



•^ooj 
ojqno J9d !^qSi9Ai Xjq 



2Sl S 



S 



<0«OtO tH CO lO t>» 00 W 04 00 1-1 1* 



£9 



00 '^00b>CD iOTl«0»e4 



-oin^siGH 



15 



tHiceo aoo04e'4*oaoe4iHao 



ii 



g 



• • J 



• • • • • 



• • « 



mao»S S«ocQcoeSc4e^St>-3 



00 



4 ni^ti si^^^ss 



*0H 90tI9J9J9H 



s 






QQ 



Sgg CSRSJ2g?:ggS 



^04 
09 









00 SoQDoooD dooowoo 



& 






00 

C4 



ICBOHANIGAL PBOPEBTIES OF REDWOOD. 



IS 



o 



9 



I 



I 



S 



MV 






8^ 



eo iHt» 



«HC4 



c« 1-ieo 



« . i^H 



04 






Si 






«CC e»rH 



COCO «»-l 



e«c4 «-i»H 



oo oo 



«HiO OOO 



 • • • 






00 CD <0 ^ 



eo 



I 

C9 



^ 






^ 



00 



Si-( Meo 
Ok o A 



1 






00 

i 

•I 



a 

s 



5 



m 



§ 



8 



Pi 



o 
.Q 



I j 



I 



CO 



-fe- 
es 



S9 

I 

.Q 

1| 



;z:^^;z;ll 



II 



iziSEiiz;^^;!' 






I 



 •■■•• 
• ••to* 




• * 9 •  • 

• ••••• 

. Q . . . . 


En'd :^'oQ : 




de; : : : : 


de^'edHH 


^fH^e^HH 


tJadE^HHt^* 



11 



s 



CO 

> 



'jaAopiro 



irem SS9T: 



C4 

•3 

> 



* J8A0 pira 
saqon; \\ 



•Sdqoin \\ 



^ 



* J9A0 pire 



irex^ 8SCKI 



»0'«I0'« 



rHC«e4«D 



«H •C«^ 



eo^ -eo 



eo 



c^eoeo 



eou»u> 



*-4e<4 



oo 



CO 



r^tH 



e<4 



c« 



C9 



rHOk 



iH« 



OOr-l 



1-1 • 



'(iptn aranbs 



'(iptii oisabs J9d) 
iCfPpiBBIO JO SDinpof[ 



5 "* « « « >-< '-' 



s 



*(t[oti| arenbs jed) ^jmn 



^'(qom eifitibs jad) 
on^dni' JO sapipoH 



•llOflQO 



•dBS 



& 
^ 






^coeo 



CO 



^ eo r- oS to 00 ^ 

, •• ss a^ v^ •^-.•^-.•^ 



"^ 



tH iH eo 1-1 fM eoj 



"^000000 



*i|oa| J9d 89a(H 



aoo»iHC«C4ud 



S^ R i-« iH A C4 eo 



oiqno J9d ^i^fa^^ Xi<i 



. CO CO C4 o» '^ «o 



*ein48|0]t 



•yonosQOS 8q!(noH 



M eo o 00 -^ t« «o 






g^ 



s^ 



eo 



^ 



»0 1-1 ^ t» -^ »Q 

ioaau3'^eoc4 

C< »-• i-« 1-1 tH 1-t 



^ 






C4rH00 

' *^ ss C^ 

■*eo« 



to 



c* 



s 



CO 



aooa»t«to 

•% v^ av vv «^ •^ 

^eoeoctc^e^ 



1-1 1-t iH iH eo lH 



CO 



OOOOtHO 



lO coco 04 00'^ 



8as;2:a«' 



t«> O 00 1-4 C4 IQ 



gl^if^S^^S 



?; 



eoC4cot^OQO 



OftiO-^kOCOiO 



iSS^s^SS 



5 



S 



c<« 



CO 



-^•ot^eoaBod 

•^ CH V^ v^ v^ » 

»0'*'*eoe«« 



c< 



oooooo 



t» t>» •^ *-« o ■^ 



cot«»acoo)co 



oi 00 ooeo ^ ^ 



^S^^SS^ 



u) CO '^ 00 00 CO 



UJiQiOlO'^OO 






06 






^^^^^^ 



'.raqnmn eonoJ9j9H 



i^C9eO'^u»<o 



^^^s^^i; 



r*ooo»Oi-iC4 



^^^^^^ 



eo-^»ocot»oo 






00 



99 

«o 









I 
1 

1 

t 

1 

a 

Q 



g 



& 



8 



o 

3 
•s 

S 



f 

I 

a 



s 



14 



MBCHAinCAL PBOPBBTISS OT BXDWOODk 



o 
a 



Pi 



6 

I 
I 

I 
liilili 



SSSSS 

5 3 8 5 5 



o o o o o 



I 

I 

§ ill ill 



a 

:| 

1 

•I 

1 



I 1 






6^ : 



S^G^cdE-i odoa 






HfHGQgHcd 



00 

EH*e"HEHE-»H 



a 

a 

S 

•a 

o 

.a 

GQ 

9 

n 

o 



§ 



Is 



I 



f 



-I 

o 
2 



^ 

d 



CO 



'jeAo pen 



•HOO 



r>»« 



coo 



C4 



C9i-H 






OOU3U3 oa> 



"^»-Heoe« 



t 



*JdAo pu« 



89Tloa) fx 






'J9A0 pm 



•soiioui <x 



N 



 • 

• I 

• • 



MM 



iOO 



CO 



CO 1-1 CO 



<Of-i 



eo»-H 



ro 



« 



N 



Jdd) j«9i[s i«:^iioziJOH 






*(qoni 9i«nbs jod) 
i£:)iai^8Bxe ;o sninpoj^ 



<§ 



M 



It* 

I?) 






00 

53 









s 






00 



CI t-H 1-H •-« l-H 



r* AomiQ 



s 



CO 

1— » 
CO 



o 



d 
3 



o 
o 

a 

s 



:§ 

i 

^ 



'(ipni9J«nb8J9d) %\vifi 



a 



^ ■« •« 



09 



09 



OOP 

•^ •« «« 



1^ 

CO 



oop« 

OMkOi 

^ <M M •% «« 

»0"*CO"*'«» 



!8 

leo 



"Xj* 

CO 



"5> 

1 

H 

A 

< 

6h 



'(npni 9JTOb8 Jdd) 
9Jmdni JO sniapoK 









I 



8 



^ 






oudu)^^e« 



o 



*i[oi)«a 



iMl^^Hi-l «i4*^ 



•d«s 



^oooo oo 



T-l»H»HfHN 



ooooo 



MCSiHtHO 



ooooo 



c>«e«c«THC«M 



oooooo 



8" 

so 



"qovxi 29d 89iif H 






Ot<-OC9C« 



lOaOOOO 



00 C4*HOOOO 



S iStSSS*? 



SI«SS55 



^ 



s*^8§5;fi 



s 



I 



•lOOJ 

oiqtio J9d %v(S^A Aid 



.OkQoeeo Moo 



to 

Si 



Q0l>'^iO00 



to 



Oacot^OO 



N 

^ 



eor-'^O'^M 



s^ 



*wn*«WI 



^B ^^ ^^ ^^ ^^ ^^ ^^ 



■3tor»iHC4 



00 



CO >oe4iq«M 



«OCOiHt*'^ 



oo 



ClCltOUSO 



CO 



'^'^rooeoo 
csi ej lo u) id c« 



t* 



'poaoews sqt^mH 



^99^ SC9 



S^SaSSC 



S^SiS^^ 



^eiiS^S^SI^ 



*j9qinnn oonoi9;9H 



i8c;isi S9^ 



^ss«^s^ 



SrHMCO^ 
Mt^fOCO 



CO W CO CO CO ^ 



i 

o3 



8 
.8^ 






^ 
< 















00 



-«5 



HB0HA»1CAL PB0PEBTIB8 OF BBDWOOD. 



15 



Table 5. — Ratio of strength values of green redwood to those of green Dou^glasfir^ vyUh 

material of equal sizes. 



Bending. 


Ck>mpiession 
parallel to grain. 


Compression 

perpendicular 

to grain. 


Shear. 


Size. 


Fiber 

stress at 

elastic 

limit. 


Modulus 
of 

rupture. 


Modulus 
of elas- 
ticity. 


Shear. 


Size. 


Crushing 
stress at 
maxi- 
mum 
load. 


Size. 


Crushing 

stress at 

elastic 

limit. 

• 


Shearing 
strength. 


Inches. 
8x16 
2x12 
2x10 
2x8 
2x2 


Percent. 

0.94 
.83 

1.04 
.83 
.91 


Percera. 
0.75 
.71 

.87 
.76 
.84 


Percent. 
0.67 
.64 
.69 
.71 
.66 


Per cent. 
0.90 
.73 
.89 

.78 
.74 


Indies. 
6x6 
2x2 


Percent. 
1.11 
.99 


Large. 


Per cent. 
0.83 


Percent. 
0.97 







































MOISTURE DETERMINATIONS. 

Sections approximately 1 inch thick were cut from all of the 
specimens as soon as possible after they were tested. The sections 
were weighed and then dried to constant weight at 100° C. The 
difference between the original weight and the dry weight, divided 
by the dry weight, gives the percentage of moisture in the specimen 
at the time of test. In the stringers and joists an additional 1-inch 
section was taken from each piece. The pieces were cut into a 
niunber of portions, and the moisture content of each portion was 
determined separately in order to obtain a record of the distribution 
of moisture throughout the cross section. The parts of the cross 
sections in which the moisture contents were separately determined 
are shown in figure 1. 

MISCELLANEOUS OBSERVATIONS. 

All specimens were weighed and measured at the time of test. 
The average number of rings per inch, measured along a radial line, 
was computed, and the proportions of summerwood and of sapwood 
were recorded, as percentages. After the tests the specimens were 
either photographed or sketched to show the manner of failure and 
the location and size of defects. 

DETERMINATION OF SEASONING. 

In order to determine the rate of seasoning and its effect on the 
strength of the timber, 30 per cent of the pieces of each size were set 
aside to air season. The distribution of moisture in both green and 
air-seasoned material is indicated in figure 1. The quantities given 
in the diagram indicate the average moisture content as a percentage 
of the dry weight of the wood. On the pieces set aside for air 
seasoning, observations were made from time to time to determine 
their Josses in weight and amounts of their shrinkage. The average 
results of these observations are shown in figure 2. In this diagram 
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18 MECHANICAL PBOPERTIBS OP BED WOOD. 

the word "timbers'' designates 8 by 16 inch, 6 by 12 inch, and 7 by 9 
inch cross sections, and the word "joists" includes the four smaller 
sizes. The following general conclusions as to redwood are basied on 
the data shown in figure 2 : 

1. Large timbers must season through two summers and joists 
through one summer before they reach a thoroughly air-seasoned 
condition. . 

2. Climatic conditions cause alternate evaporation and absorption 
of moisture. This is accompanied by corresponding shrinking and 
swelling of the surface portions of the tiniber. 

3. The shrinkage factor for redwood is very low, although the wood 
contains a large amount of water when cut. The maximum moisture 
content was over 200 per oent and the average of the green pieces 
was about 75 per cent. During seasoning the average was reduced 
to about 16 per cent. 

4. The low-shrinkage factor is an index of the fact that redwood 
can be seasoned easily without checking. 

AVERAGE RESULTS OP TESTS. 

Table 1 gives the average strength values for various sizes of both 
green and air-seasoned material, and the ratio of the strength values 
for air-seasoned material to the corresponding values for green 
material. 

Small specimens, such as the 2 by 2 inch clear pieces, and even 
joists which are comparatively clear, show higher strength values for 
seasoned than for green material. In pieces larger than joist size, 
however, the increase in the strength due to seasoning is frequently 
more than offset by defects formed during the process. In other 
words, the strength of the piece as a whole may be decreased with 
seasoning. Because of this fact it is not advisable to coimt upon an 
increase in strength, due to seasoning, in the large pieces. It is 
safe to assume, however, that when large pieces are seasoned with 
reasonable care the working stresses for green material may be 
applied. 

It will be seen from Table 1 that the shearing stresses which were 
actually developed in small, clear specimens are more than twice as 
high as the calculated shearing stresses for the bending tests. In the 
beam the actual area in resistance to shear is likely to be much less 
than that assumed in the formula because of checks, shakes, or other 
defects of a similar nature. The stringers which actually failed by 
longitudinal shear showed an average shearing strength of 302 
pounds per square inch for green material. 

In Table 2 the strength values of material of various sizes from 
Mendocino County (Shipment A) are compared with the strength 
values of similar material from Humboldt County (Shipment B). 
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The variation in strength between material from the two localities is 
no greater than can reasonably be expected between the individual 
pieces from one locality. The further analyses are therefore not 
kept separate. 

Tables 3 and 4 give the results of individual tests, and from these 
results the tables for the principal bending tests were compiled. 
These can be used for the compilation of supplementary information. 

Table 5 compares the strength of redwood and Douglas fir, as 
shown by Forest Service tests. In bending and compression at right 
angles to the grain redwood is about four-fifths as strong as Douglas 
fir, while in shearing strength and compression parallel to the grain 
for small, clear specimens the two species are practically equal. A 
large number of compression testB made by the University of Cali- 
fornia on specimens 4 inches square and 16 inches long gave an 
average value in compression parallel to the grata about 10 per cent 
greater for redwood than for Douglas fir.^ 

STBBNGTH VALUES OF BBA1C6 AND SMALL PIECES. 

In figure 3 the strength values, dry weight, and rate of growth are 
plotted for the individual beams of each size. The diagram was made 
by first plotting the soUd line A, in which the values for modulus of 
rupture are arranged in order from the highest to the lowest. The 
other values (fiber stress at elastic limit, modulus of elasticity, dry 
weight per cubic foot, and rings per inch) were then plotted for each 
beam on the same vertical line as the modulus of rupture. The 
dotted lines indicate the average modulus of rupture and average 
crushing strength at maximum load of small clear specimens in com- 
parison with the main test piece from which they were taken. It 
will be noted from this diagram that fiber stress at elastic limit, for 
the large bending specimens, and the crushing strength at maximum 
load, for the small specimens cut from them, bear a very close rela- 
tion. This indicates that fiber stress at elastic limit is a measure of 
the quality of the wood fiber. The modulus of rupture, however, is 
influenced by all serious defects and is a measure of the quality of the 
beam as a whole. The more numerous and the more serious the 
defects, the closer the modulus of rupture approaches fiber stress at 
elastic limit. 

1 For oompariaon with other species see Biilletbi 108, Tests of Structural Timbers. 
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VARIATION OF INDIVXDTJAL RESULTS. 

Average results in a material as nonhomogeneous as timber are of 
general significance only; unless the relation of the individual results 
to the averages is available, the averages may create an entirely 
erroneous impression. 

Table 6 shows how the individual tests of the different classes vary 
from the averages given in Table 1. 

The upper part of the table gives general data on the different 
classes of tests, while the lower part shows the distribution of the 
individual tests of each class above and below the average, which is 
indicated by the heavy line. 

The proportion of the total number of tests which fell within certain 
limits indicated by the scale at the left of the table is shown by the 
figures in the columns. For example, under ^'Modulus of rupture 
for stringers,'' 5 per cent of the total number of stringers fell between 
115 and 120 per cent of the average value, and only 1 per cent between 
180 and 205 per cent of the average. ^ In general, with a greater 
number of tests, there will be a more uniform distribution above and 
below the average, a larger proportion near the average, and a more 
uniform diminution with the distance from the average. Without 
doubt, all the values shown in this table would be changed to some 
extent by additional tests, and the distribution indicated will assist 
the reader in judging whether the average value would be increased 
or decreased by a larger number of tests. 

RELATION OF MECHANICAL TO PHYSICAL PROPERTIES. 

Wood differs from concrete, steel, and other construction materials 
in that its structure is so variable. For this reason it is necessary, 
in the inspection of structural timber, to understand what certain 
physical properties indicate, so that weak timber may be excluded. 
The physical characteristics of redwood timber which can be readily de- 
termined are: Color of the wood; relative proportion of heartwood 
and sapwood; position of the pith in cross section; rate of growth 
as shown by size of rings; weight; and proportion of summerwood. 

COLOB. 

The color of the heartwood, varying in redwood from light cherry 
to dark mahogany, is produced by deposits of various materials 
resulting from the process of growth. The sapwood is free from 
these materials and is almost white. Ordinary variations in the 
color of the heartwood apparently do not affect the mechanical 
properties of the wood. However, the appearance of pockets of 
punky, almost black, wood at the base of the trunk indicates a form 
of decay called brown, butt, or pin rot. It starts in the inner rings 
of the heartwood and extends outward to the sap and sometimes 
into the sap. As a rule it does not extend upward over 10 or 15 feet. 
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PEOPOBTION OP HBABTWOOD AND 8APWOOD, 

In lumbering redwood it is customary to remove the thick bark 
from the logs before hauling them to the mill. After being allowed 
to dry, this bark is burned as it lies by the logs, together with the 
brush and limbs. At the same time most of the sapwood is de- 
stroyed, so there is very little sapwood in market material. 

POSITION OF PTTH. 

In many specifications for large timbers the position of the pith 
or heart of the tree is considered, and the term "boxheart" is used 
to indicate those having the heart within the beam. Figure 4 shows 
the method of classification adopted by the Forest Service to indi- 
cate the position of the pith. In general, this factor is significant 






Fia. 4.— ClassiflcatlouofcrossKctkmsoltestspealineiis. 

1. Pith not in cross section. Rings vertlcaL 

2. Pith not in cross section. Rii^ horizontal. 

3. Pith wiUiiu canter half of cross secCian. 

4. Pith within upper or lower gusrtn of cross section. 

because of its relation to seasoning checks, which extend from the 
surface toward the pith. In class 3 the likelihood that checks will 
cause failures by horizontal shear is much greater than in any of 
the other positions of the pith. In redwood, however, the trees are 
so large that this class is not at all common; season checks are not 
numerous, and the relative position of the pith has little significance. 

RATE OF GROWTH, 

The rate of growth is determined by counting the annual rings 
intersecting a radial line of the cross section and dividing the num- 
ber of rings by the length of the line in inches. Figure 5 shows the 
relation of rate of growth to modulus of rupture, to fiber stress at 
elastic limit, and to modulus of elasticity in small, green beams free 
from defects. It shows also the crushing strength at maximum 
load in compression parallel to the grain in small specimens cut from 
these beams. It appears from this diagram that the strongest wood 
is associated with a growth rate of about 30 rings per inch. 

The individual points plotted for this diagram have a wide varia- 
tion, and too much importance should not be attached to the rela- 
tions shown, especially in commercial timbers containing defects. 
Figure 3 shows that there is no definite relation between strength 
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and rate of growth for large pieces with ordinary defects. Other- 
wise the curves showing rate of growth would bear a definite relation 
to the strength curves. 
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Fio. 5.— Relation of strength in bending and oompiession parallel to grain to rate of growth, as shown by 

the number of rings per inch; small, clear, green specimens. 



WEIGHT. 



Figure 6 shows the relation between the dry weight per cubic foot 
and the modulus of rupture, the fiber stress at elastic limit, and the 
modulus of elasticity for small, clear, green beams. It shows also 
the crushing strength at maximum load in compression parallel to 
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the grain in small specimens cut from them. This diagram con- 
firms for redwood the conclusion which has been brought out for 
other species, that the mechanical properties of the clear wood 
vary directly with its dry weight. Reference to figure 3 shows how 
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Fio. 6.— Relation of strength in bending and compression parallel to grain to dry weight per oabio foot; 

small, clear, green specimens. 

this relation holds, and indicates a sharp drop in the modulus of 
rupture as the weight decreases. In structural timbers containing 
defects the relation between weight and strength will of course be 
influenced by the position and size of the defects. 
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PEOPOKTION OF SUMMEBWOOD. 



Summerwood is the term used to denote the dark, relatively 
dense portion of each annual ring. The light, porous portion is 
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rio. 7.— Relation of strength in bending and compression parallel to grain to per cent of summerwood; 

small, clear, green specimens. 

termed ''springwood." Summerwood is expressed as a percentage 
of the area of the cross section. Figure 7 shows the relation between 
the proportion of summerwood and the strength values in small, 
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clear, green specimens, tested in bending and compression parallel 
to the grain. In large pieces the proportion of snmmerwood is 
likely to vary, and the strength is so apt to be influenced by knots 
and other defects that in many timbers the proportion of summer- 
wood is of little value in judging the strength. Nevertheless, the 
proportion of summerwood, independent of knots and other defects, 
is an important guide in judging the quality of redwood timbers. 

FAILURES. 

The failures of the redwood stringers and joists indicate the prob- 
able behavior of similar material. The results of the individual 
tests are contained in Tables 3 and 4. 

These tests show, in the first place, that in all stringers, both 
green and air-seasoned, the proportion of first failures by horizontal 
shear was very low, since only 5 per cent of the green and 6 per cent 
of the air-seasoned pieces failed in this manner. In the green 
material 55 per cent failed first by compression and 40 per cent by 
tension. In the air-seasoned material 83 per cent failed first by 
tension and 11 per cent by compression. 

In the stringers which failed first by tension, both green and air- 
seasoned, the greatest loss in strength is due apparently to irregular 
and cross grain. Such defects may or may not be associated with 
knots. The green stringers which failed by tension due to irregular 
or cross grain were only 63 per cent as strong as the average for all 
green stringers tested; the air-seasoned stringers so failing were only 
51 per cent as strong as this average. The average strength of all 
stringers which failed first by tension was about three-quarters as 
• great as the average strength of all green stringers. 

As far as could be observed, only 13 per cent of the green stringers 
which failed first by compression, and none of the air-seasoned, were 
influenced by defects. The average strength of the green and air- 
seasoned stringers which failed first by compression was, respectively, 
118 and 115 per cent of the average for all green stringers, and even 
those in which defects apparently influenced the failure were slightly 
above this average. 

The few stringers which failed first by horizontal shear show a 
strength both for green and dry material practically the same as the 
average for all green stringers. 

An examination of the calculated shearing strength in the stringers 
shows that in all cases, whether shear was the first failure or followed 
some other failure, or was not developed, the average calculated shear 
was higher in the green than in the dry specimens. 

GBADING. 

Because of the amount of clear material which may be had and the 
localized area of consumption, it has not been necessary to have the 
grading rules for redwood as specific as they are for some other species. 
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However, as redwood becomes better known, and as a wider distribu- 
tion is secured, stricter rules for classifying the material wiU be 
necessary. 

REDWOOD LUMBEB KANUFAOTUKERS' RULES. 

The grades in use by the redwood lumber manufacturers are as 
follows: 

CLEAR REDWOOD. 

Shall be good and sound, well manufactured, free from knots, shakes or epUts, with 
the exception of season checks not to exceed 4 inches in length; will allow reason- 
able amount of birdseye and a fair proportion in each shipment may contain pin knots 
and small sound knots showing on one face only, and sap not exceeding 4 per cent of 
areas of all the surfetces, and slight variation in manufacture. 

OURFAGSD CLEAR. 

Shall be well manufactured and worked smoothly to uniform thickness. Will 
admit of slight roughness or variation in milling and defects mentioned under grade 
of clear. 

« SAP CLEAR. 

Shall conform generally to the grade of clear, except that it may contain sap in 
excess of 4 per cent of the area of the surfaces. Will allow discoloration of eap. 

COMMON. 

Number 1 shall consist of lengths 10 feet and longer (except where otherwise speci- 
fied) of soimd lumber and free from such shakes, large or loose knots, or other defects 
that would materially impair its usefulness. Will allow slight variation in width and 
thickness. Sap not to exceed 4 per cent of the area of all the surfaces. 

Number 2 shall consist of lengths 10 feet and longer (except where otherwise speci- 
fied) free from splits extending more than one-sixth of its length. Will allow knots 
(sound or tmsound), sap, shakes, and other defects which render it unfit for good, sub- 
stantial construction purposes, but suitable for an inferior class of work. 

STRIPS. 

1 X 3, 4, and 6 inches. 
Shall conform to above rules except that lengths shall be 10 feet and longer. 

BOARDS. 

Number 1 (8 inches and wider) shall be well sawed, 10 feet and longer, free from 
shakes and splits, admitting any nimiber of sound knots less than 2^ inches in diameter 
and one knot, black or red, 2^ inches in diameter in each 5 superficial feet. Will 
allow slight variation in width and thickness. Sap not to exceed 4 per cent of the 
area of all surfaces. 

Number t. Will allow sap, loose and rotten knots, shakes, and other recognized defects 
which render it unfit for good, substantial construction purposes, but suitable for an 
inferior class of work. Also splits not extending over one-fourth the length of the 
piece. 

STANDARD GRADE, RUSTIC STOCK. 

Will allow three or four sound knots 1 J inches in diameter. One or two sound knots 
between \\ and 2 inches in diameter. Sap with small knots. Poor machining, which 
would make it unfit for Clear. 

Grain of all grades shall be as the lumoer runs. 
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TKNTATIVB GRADING BUL£S. 

In Bulletin 108 of the Forest Service * a set of tentative grading 
rules for structural timbers is presented. It is the purpose of these 
rules to divide structural timbers, on a basis of the appearance of the 
individual pieces, into the following grades : 

Grade L — Timbers having a modulus of rupture over 4,000 pounds 
per square inch. 

Grade 2. — Serviceable timbers having a modulus of rupture under 
4,000 pounds per square inch. 

CuTh. — ^Timbers having visible defects which render them unfit for 
structural purposes. 

Apphcation of these rules to redwood and eight other species gave 
a good strength classification in every case. It should be understood 
that these tentative rules are for the purpose of strength classification 
only and do not take into account requijpements ef a general nature 
such as conformity to dimensions, proportion of sap, or any other 
requirements which might be made necessary by peculiarities of 
certain species. 

DEFINITIONS. 

In the tentative rules which have been advanced a number of new 
definitions have been put forward. 

Dense wood, — The term ^' dense wood'' will be used to define the 
quality of wood which is desired in timbers subjected to stresses such 
as occur in frame structures. The term applies to the wood itself, 
irrespective of defects. Since dry weight, which is the most accurate 
index to the mechanical properties of wood, can not be determined 
from a casual inspection of the timber, dense, or, in other words, 
comparatively heavy wood will be defined as: 

1 . Wood that shows more than eight rings per inch, or which contains 
rings with more than 30 per cent summerwood. 

2. Wood which is resilient; that is, wood which when struck with 
a hammer, or similar blunt instrument, gives a sharp, clear sound, 
while the hammer shows a marked tendency to rebound, and the 
wood a tendencv to recover from the effects of the blow. 

These properties are to be judged from an inspection of the eross 
section of the timber. 

Knots. — ^Knots are portions of branches which have been encased 
in the growing trunk of the tree. In judging their effect upon the 
strength of timber it should be borne in mind that the axis of a knot 
always extends to the center or pith of the tree,^ and that the visible 
part of the knot is a section of a somiewhat conical mass of wood, the 
apex of the cone being at the pith of the tree, and the knot, as a whole, 

» Tests of Structural Timbers, by McGarvey Cline and A. L. Heim. 

« Exceptions to this rule are found where knots are caused by adventitious branches, but such exceptions 
are so rare that they can be ignored in the grading of structural timbers. 
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more or less intertwined with the wood surrounding it. A spike knot 
is a longitudinal section of a whole knot, and a roimd or elliptical knot 
is a section, respectively at right angles or at some oblique angle, to 
the axis of the knot. Sound knots, as a rule, are stronger and harder 
than the wood fiber surrounding them. Their eflFect, therefore, upon 
the strength of the timber depends to a large extent upon the manner 
in which they are connected to the surrounding wood and upon the 
degree of stress to which the connecting fibers are subjected. If the 
knots distin-b the grain so that it is decidedly oblique to the edges of 
the timber, the wood will be subjected to stresses in tension at right 
angles to the grain, the kind to which it offers the least resistance. 
In such cases early failure in cross-grain tension almost invariably 
results. 

Class 1 knots: Class 1 knots must be solid, firmly attached to the 
surrounding wood, and must cause no marked irregularity in the grain 
of the timber. Small spike knots will be included in this class. 



VolW h 



I 



^^XI 




'Al 



O 



Vol. I 



n 



Voi.m 



vu.m 



Mil 



Vol, I 



L-isn 



%L 



Co 



FiQ. 8.— Diagram to show method of locating defects ia stringers. 

Class 2 knots: Class 2 knots must be solid, but are insecurely 
attached to the surrounding wood, or associated with burl or other 
irregularity in the grain. 

Class 3 knots: Class 3 knots are unsound knots; that is, they are 
softer than the surrounding wood. 

Dimensions of knots: The dimension of a knot on the narrow face 
of a timber will be the projection of the knot on a line perpendicular 
to an edge of the timber. On the wide, or vertical, faces the smallest 
diameter of a knot is to be taken as its dimension. 

Small knots: Knots less than 1^ inches in diameter. 

Large knots: Knots 1^ inches or more in diameter. 

Position of AefedB, — The position of defects is designated by means 
of the three volumes indicated in figure 8. 

TENTATIVE RULES FOR REDWOOD. 

Grade 1 timbers, 

(a) Must contain only dense wood. 

(6) Must not have class 2 or large class 1 knots in volume 1. 

(c) Must not have large class 2 knots in volume 2. 

(d) The aggr^;ate diameters of knots on any face within the center half of the length 
shall not exceed the width of the face. 
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(e) Musi not have shakes or deep checks. 

(J) Murt not have diagonal grain with* a slope greater than 1 inch in 20. 

Grade X timbers. 

(a) Must contain only dense wood. 

(b) Must not have large class 2 knots in volume 1. 

(c) The aggregate diameters of knots on any face in the center half of the length shall 
not exceed two times the width of the face. 

(d) Must not have shakes which extend along an annual ring a distance greater than 
the width of the piece. 

COMPARISON OF GRADING RULES. 

Table 7 shows the results of applying the two grading rules to the 
42 green redwood stringers tested. The lumber manufacturers' 
rules were applied to the pieces in accordance with their appearance 
before testing. The proposed tentative grading rules were applied 
through photographs and sketches of the pieces, which showed the 
size and location of defects. There was no opportunity in the latter 
case, therefore, to judge the resiliency of the timber, and only the 
defects were considered. Comparison of the results obtained ,from 
the two sets of specifications indicates that the tentative rules permit 
a lai^er proportion of material in the highest grade than the manu- 
facturers' rules do; that the range in strength values for first-grade 
material is the same for both classifications; and that with the pro- 
posed rules those pieces ordinarily graded common, and which showed 
high strength values in test, fall in the best grade. 

Table 7. — Comparison of manufacturers^ grading rules with the tentative rules. 
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PROGRESS REPORT ON WOOI>PAVING EXPERIMENTS IN 

MINNEAPOLIS. 



INTKODTTCTION. 

This circular gives the results obtained after four years of heavy 
traffic in a service test on wood paving blocks of various species laid 
in cooperation with the city of Minneapolis, Minn. 

Acknowledgment for assistance rendered in this experiment is due 
especially to the city engineer department of the city of MinneapoUs;the 
Republic Creosoting Co. and the Kettle River Co. (formerly the Kettle 
River Quarries Co.), both of MinneapoUs; the John Week Lumber Co., 
of Stevens Point, Wis.; the Cloquet Lumber Co., Cloquet, Minn.; the 
Larson Lumber Co., of BeUingham, Wash.; and the Westside Lumber 
& Shingle Co., Portland, Oreg. 

DESCBIPTIOK OF THE TEST. 

The experimental pavement is described in Forest Service Circular 
141,* as follows: 

THE EXPERIMENTAL PAVEMENT. 

To learn the results of actual service on a larger number of woods than the manufac- 
turers seemed likely to try under the existing public prejudice against unproved 
woods, the Forest Service undertook arrangements for the laying of an experimental 
pavement, in which some of the untried woods should be laid with those already 
standard. 

VARIABLES. 

The variables in this experiment, by means of which it was desired to gain informa- 
tion upon the points respectively involved, were: 

(1) Species of wood. 

(2) Heartwood and sap wood. 

(3) Length of blocks. 

(4) Angle of courses. 

SPECIES OF WOOD. 

The woods used in the experiment were longleaf pine, Norway pine, tamarack, 
Douglas fir, western larch, white birch, and hemlock. The longleaf piae was included 
in order to provide a standard of comparison by which the behavior of the other woods 
could be judged, since it is the species most used in the United States. It was the 
purpose to lay equal amounts, approximately 15,000 feet b. m., of each wood, or, allow- 
ing for ordinary waste in manufacture, about 65 linear feet of pavement on a street 50 

» Wood Paving in the United States, by C. L. Hill. 
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feet wide. Various circumstances, particularly a lack of knowledge on the part of 
some of the lumber companies of the peculiar requirements for paving stock, largely 
increased the waste in sawing the blocks and prevented the full area being laid with 
some of the woods. The shortage in these woods was made up by others of which 
larger amounts were obtainable. The distribution of the species, as laid, is shown in 
figure 3. [See fig. 1, this circular.] 

HEAETWOOD VERSUS SAP WOOD. 

The character of the blocks of the different woods used was as follows: 

Approximately all heart: Longleaf pine, Douglas fir, and western larch. 
Mixed heart and sap: Norway pine and tamarack. 
Heartwood and sap wood indistinguishable: White birch and hemlock. 
It was unnecessary to make separate classes for this condition within the separate 
species, since any difference in resistance between heartwood and sapwood would 
become manifest in an imeven wearing of the blocks, rather than in a greater total wear. 
Therefore this variable would not obscure the results affecting the separate species. 

LENGTH OP BLOCKS. 

The lengths of the blocks in the different species are as follows: 

Inches. 

Longleaf pine, variable 6 to 10 

Norway pine, variable 6 to 10 

Tamarack, variable 6 to 10 

Douglas fir, variable 6 to 10 

Hemlock 6 

Western larch, one-half. 4 

Western larch, one-half 6 and 8 

White birch, one-half 4 

White birch, one-half 6 and 8 

The width and also the depth of all the blocks was 4 inches. The larch, birch, and 
hemlock were air-seasoned for several months before being used. Exact records of 
the time of seasoning of the other woods were not obtainable, but none of them were 
entirely green when used. Of the Douglas fir, a portion was from very rapidly grown 
stock, and it was feared that it would be so weak that it would not fairly represent the 
average of this timber. Therefore further separation on the basis of this factor was 
made for this wood, and the narrow-ringed and wide-ringed blocks were laid in separate 
portions of the pavement. 

It ***** * 

CONSTRUCTION OP THE PAVEMENT. 

Nicollet Avenue, on which this pavement is laid, is 50 feet wide. There is prac- 
tically no gradient. The street was so prepared as to give to the pavement a crown of 
8 inches. The foundation was made of Portland cement concrete, composed of Port- 
land cement, 1 part; sand, 3 parts; crushed limestone, 7 pars; and was 5 inches in 
thickness. Over this as soon as it was sufficiently set was spread a 1-inch cushion of 
sand. The surface of the sand was carefully trued to grade, and upon this foundation 
the blocks were laid, as shown in figure 3. [See fig. 1, this circular.] 

The area of the avenue between Washington Street and Second Street was reserved 
for the several species to be compared, and these were laid all at the same angle, 67J® 
with the curb. North of Second Street one wood, Norway pine only, was laid, and 
on this area different angles were used for the courses, one portion being laid at 90** to- 
the curb, another at 45°, and a third at 671°. The relation of these areas will be seen 
from the figure. 
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The bodyotthepavementwflslaid . _ 

with close joints, the pavement being 
driven moderately after every dozen 
or so coursea. At each, curb was leEt 
a 1-inch expansion joint, between 
which and the body of the pave- 
ment was one longitudinal course of 
blocks. As Boon as the pavement 
was laid it was thoroughly rolled 
with a steam roller. The expansion 
joints, which had been left open 
until the pavement should be rolled 
and thoroughly settled, were then 
filled with Band nearly to the top. 
The body joints and the top of the 
expansion joints were filled with 
pitch, heated t«abo«t300° F., which 
was thoroughly broomed in with 
steel brooms. A light top dressing 
of sharp sand completed the pave- 
ment. As soon as thorough setting 
of the concrete was assured traffic 
was admitted. 

The blocks were treated at 
the plants of the two creo- 
soting companies cooperating 
in the experiment under the 
specifications of the city of 
Minneapolis for wood block 
pavement which were in force 
during 1906.' In brief, these 
specifications require that 
wood blocks be treated by a 
straight - pressure treatment 
with 16 pounds per cubic foot 
' of a coal-tar oil having a spe- 
cific gravity of 1,09 at 20° C. 
However, the oil used in the 
treatment of the white birch 
and western larch blocks 
had a lower specific gravity 
than that specified. An im- 
pr^nation of 20 pounds per 
cubic foot was therefore used 
in the case of these species 
in order to compensate as 
nearly as possible for the 

' The apecmcatlons for partn? oil ol Ihe city ot Minneapolis tor !B0«, aualysm ol 
the tr«scm«ii( ol tht eipcrlmenral blocks, and recorile of the treatment are gl 
of the App«ndli. 
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discrepancy in specific gravity between the oil used and that 
specified. 

At the time of inspection the city engineer department reported 
that since it had been laid the test pavement had been sprinkled with 
water six times per day during the sprinkling season and machine- 
swept each night. The department also reported that it was neces- 
sary to remove a few of the birch blocks which had failed from rotted 
heart, but that otherwise there had been no replacements. 

Travel records of 12 hours' duration each were taken twice a 
month, a summary of which is given in Table 1. 

Table 1. — Summary of travel records taken on the experimental pavement.' 





1906 


1907 


1906 


1909 


1910 


Average tons per foot of roadway 


127.17 
228.94 


132.02 
237.65 


149.15 
268.46 


143.52 
268.50 


154.23 


Estimated 00 per cent of travel on middle 25 feet of roadway, 
average tons per foot 


278.00 







I Detailed travel records for 1906 and detailed summaries of travel records for succeeding years are given 
on pages 16-19 (includes Tables 6-10) of the Appendix. 
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Fio. 2. - Construction of the experimental pavement. 
METHOD OF INSPECTION. 

The first formal inspection of the test pavement was made on 
August 17, 1910, by Mr. Ellis R. Button, assistant city engineer, city 
of Minneapolis, Mr. Frank Hussey, of the Kettle River Co., and the 
writer. The following observations were made : 

(1) In each section one block of apparently average wear was 
removed from a position midway between the curb and the center 
of the street and a second block from near the curb. The two blocks 
were measured, and the difference in their heights was taken as the 
average wear of the section in question, the assumption being that 
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the blocks near the curb were not appreciably worn.^ It was not 
thought best at the time of the inspection to remove a greater number 
of blocks from the general level of the sections. However, some 
additional blocks were removed from depressions. 

(2) In order to obtain the approximate areas of holes in the pave- 
ment, each member of the party carefully estimated the total num- 
ber of square feet of depression below the general surface in each 
section of the pavement. The estimates were averaged for each 
section, and these averages were taken as the areas of the depressions 
of the sections. 

BESTJLTS OF INSPECTION. 

Kesults of the inspection are given in Table 2. Since only two 
sections of the pavement were in a bad condition, no general con- 
clusion can be drawn. However, a number of interesting points 
were observed, and the results of the inspection enable a tentative 
comparison of species to be made. 

Table 2. — Results of the first inspection of experimental pavement laid in Minneapolis ^ 

Minn.f in 1906. 



o 
Z 

a 

JO 

-^ 



2 
3 



5 
6 

7 

8 

9 
10 



Species. 



Norway pine. 



Tamarack 

White birch (6 and 
8 inch blocks) 



White birch (4-inch 
blocks). 

Western larch (4- 

inch blocks). 
Western larch (6 

and 8 inch blocks). 
Douglas fir 

do 



Area of 
section. 



Sq. ft. 
440 



742 
1,609 



1,615 

1,505 
1,497 
1,229 
1,293 



Long leaf pine ' 3. 583 

Eastern hemlock . . . ; 3, 038 



Origi- 
nal 

depth 
of 

block. 



Inches. 

3« 



3H 

3H 
3H 



Depth 
of block 
of aver- 
age 
wear 
for 
section. 



Inches. 
3f 



31 

3§ 
3A 
2i 
2i 



Aver- 
age 
wear of 
sec- 
tion.! 



Inches. 



A 
A 



A 
I 

lA 
lA 



Area 
local 
depres- 
sion 
one- 
half 
inch 
and less 
below 
general 
level of 
section. 



Sq.ft. 
10 



10 

8 



10 

33 
55 



Area 
local 
depres- 
sion 
one- 
hall 
inch 
and less 
below 
general 
level of 
section 
in per 
cent of 
total 
area of 
section. 



17 
35 



P. ct. 
2.0 



1.0 
.5 



.5 

2.0 

3.5 

30.0 

30.0 

.5 
1.0 



Area 
local 
depres- 
sion 3 
inches 
to one- 
half 
inch 
belpw 
geqeral 
level of 
section 
in per 
ceniof 
total 
area of 
section. 



P. ct. 



Remarks. 



35.0 
3.0 



All apparent de- 
pressions in one 
spot, possibly due 
to fire. 

About 40 to 50 
blocks removed 
on account of de- 
cayed heart. 

Some blocks 
showed decayed 
heart. 



Medium grain, 6 to 
7 rings i)er inch. 

Coarse grain, 3 to 5 
rings iwr inch. 



1 Exclusive of local depressions below the general level of the section. 

Sections 7 and 8 (coarse and medium grain Douglas fir) were so 
badly worn that the blocks had to be removed during the following 



1 Table 2 shows that the white birch and western larch blocks manufactured at Sandstone, Minn., had 
a depth of 3H inches, and that the blocks of other spscies manuf ictured in Minneapolis, were 3i| inches 
in depth. While no records of the exact original depth of the blocks are available, it is recalled that the 
one lot of blocks was of slightly less depth than the other. 
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summer. The extreme depth of some of the depressions in the 
Douglas fir sections of the pavement requires some explanation, 
however, aince the depth of depression does not in this case neces- 
sarily indicate the actual wear. Upon removal of several blocks 
from the lowest depressions it was found that the grain of the wood 
was no longer vertical but was inclined at a considerable angle, the 
blocks being separated into a number of pieces by longitudinal shear 
along the annual rings. This shearing and consequent inclination 
of the blocks must have taken place after the blocks had once become 
so reduced in depth by wear that their shearing strength could no 
longer resist the local tractive action to which they were subjected. 
The continual lessening of lateral support to the wood effected by 
wear and the continually increasing angle of inclination, of < 
accelerated this action. The result is clearly shown in figure 3. 



Fro. 3.— Badly worn Douglas fir pBTlng block removed fnmi a deep depression In the 
test pavement. 

Since the Douglas fir was of rapid growth and poor grade, it is 
questionable whether the results of this test are a fair indication of 
its wearing qualities when used as a paving material. 

Table 2 shows that the other blocks appear to have worn fau-ly 
uniformly. Sections 5 and 6 {western larch) show a greater average 
wear and also a lai^er percentage area of depression below the general 
level than the others. Section 9 (longleaf pine) shows the least 
average wear, and also presents a very uniform surface. Section 1 
(Norway pine), section 2 (tamarack), and section 10 (eastern hem- 
lock) showed equal average durability up to the time of the first 
inspection, and were only slightly below the longleaf pine; however, 
they showed a somewhat larger percentage of holes than the longleaf 
pine. The white birch, while showing little more wear and no more 
holes than the longleaf pine, had some replacement on account of 
heart rot. Since the Norway pine had all of its apparent depression 
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below the general level in one spot, it seems unlikely that this was 
caused by ordinary wear. On this account, also on account of the 
small area of the Norway pine section,^ and because the rest of the 
section was very uniform, it is hardly fair to give percentage area of 
depression below the general level any weight in this case. 

Until further results have been obtained from the test pavement, 
the species used may be tentatively grouped in accordance with the 
results of this inspection in the order of their value for creosoted 
paving material as follows: 

1. Longleaf pino. 

2. Norway pine, white birch, tamarack, eastern hemlock. 

S. Western larcli. 

4. Douglas fir. 

No more definite comparison of the species can be made until the 

blocks have remained in the pavement long enough to exhibit greater 

differences in wear. 

At the time of the inspection the pavement was not examined for 

differences in wear due to mixed sapwood and heartwood, length of 

blocks, oi: angle of courses. However, at a later date an examination 

was made with these points in view, but no appreciable differences 

due to anv of these variables were noted. 

BELAYING THE ORIGINAL DOUGLAS FIR SECTIONS. 

At the beginning of the summer of 1911, nearly five years after the 
laying of the test pavement, the Douglas fir blocks were in such bad 
condition that it was necessan' to remove them from the street and 
relay this portion of the pavement. Figure 4 shows the general con- 
dition along the central portion of the street just before the relaying 
of the Douglas fir sections. In one spot, comprising an area of about 
30 square feet (not shown in the figure), the blocks were so badly 
worn that thev were completely shattered into small bits. 

In view of the poor quality of the original Douglas fir blocks, it was 
decided further to test this species by relaying one of the worn-out 
sections of the pavement with a thoroughly good grade of Douglas fir. 
Accordingly, a quantity of grade A Douglas fir paving stock was 
procured for this purpose. It was the intention to replace the second 
worn-out section with a good grade of jack pine, but so much 
difficulty was encountered in procuring the timber that the plan was 
abandoned. Douglas fir blocks were laid over as much of the area 
to be repaved as the quantity secured would cover, and the remaining 
part was paved with the regular southern yellow-pine blocks then in 
use by the city and furnished by it.^ The Douglas fir was furnished 

1 The Norway pine blocks laid for testing the angles of the courses are not considered in this comparison. 
« The actual manufacture and treatment was done by the Republic Creosoting Co., but not, as in the 
case of the Douglas fir, without charge. 

16026°— (;ir. 194—12 2 
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by the Westsido Lumber & Shingle Co., of Portland, Oreg., and was 
manufactured into blocks and treated by the Republic Creoaoting Co., 
of Minneapolis. The arrangement of the relaid sections, together 
with the original sections which were still in good condition at the 
time of the relaying, is shown in figure 3. 

Both the Douglas fir and the southern yellow-pine blocks were 
practically all heartwood, straight grained, and of fairly uniform 
growth; the minimum average number of annual rings for any 



—GrapjaE condition b1 



single block being 9 for the Douglas fir and 6 for the southern j-ellow 
pine. _ Tlie deptli of the blocks of botli species was Sfl inches and the 
width approximately 4 inches. However, the Douglas fir blocks were 
all 8 inches in length, while the southern yellow-pine blocks varied in 
length from 5 to 10 inches, witli an average length of 8 inclies. The 
Douglas fir paving stock was seasoned approximately two months, 
and the southern yellow pine one month, before being manufactured 
into blocks. The latter operation preceded the treatment by only a 
few liouix in each case. 
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The blocks were treated at the Minneapolis plant of the Republic 
Creosoting Co. in two separate runs.* The Douglas fir blocks were 
treated with 17.9 pounds of creosote paving oil per cubic foot of wood; 
the specific gravity of this oil being 1.108 at 38° C. The southern 
yeUow-pine blocks were treated with 17.3 pounds of a similar oil per 
cubic foot of wood. 

The relaying of the pavement began June 27, 1911. It was noted 
that the old blocks from the middle of the pavement were so badly 
shattered that they fell apart into small chips as they were being 
taken up, although the blocks from near the curb came out prac- 
tically whole. The sand cushion and the foundation were found to 
be in apparently perfect condition. 

The foundation was scraped clean of the original sand cushion, 
and fresh, clean, practically gravel-free sand was spread over its 
surface. This new sand cushion was then surfaced off by a long 
metal-shod ''straight-edge'' which was drawn across the street, its 
two ends resting on 1-inch boards which were laid across the foimda- 
tion and which served as "distance strips." This operation left a 
cushion of sand on the foundation 1 inch in thickness, the surface of 
which was further prepared by the use of a small hand scraper. The 
new blocks were then laid in the same manner as the original blocks, 
except that the former were driven only enough to keep the courses 
straight, and that the hot pitch filler was brushed into the body 
joints with a wooden scraper or "squeege" instead of with steel 
brooms. 

The test pavement will continue to be under observation and care, 
and traffic records will be taken in the same manner as heretofore. 
Inspections wiU be made whenever they seem advisable. 



APPENDIX. 



SPECIFICATIONS OF THE CITY OF MINNEAPOLIS FOR WOOD-PA VlNG- 

BLOCK OIL FOB THE YEAR 1906.^ 

The specific gravity of the oil, at 20° C, shall be at least 1.09. 

The oil shall be completely Uquid at 25° C, and show no deposit 
on cooling to 22° C. 

It shall not contain more than 2 per cent of water nor more than 3 
per cent of matter insoluble in absolute alcohol or benzene. 

Distillation test: One hundred grams of oil shall be placed in an 
8-ounce retort, fitted with a thermometer, the bottom of whose bulb 
shall be placed one-half inch above the oil and not moved during the 

1 The specifications for paving oil of the city of Minneapolis, Minn., for 1911, the analyses of the oils used 
in the treatment of the experimental blocks, and records of the treatments are given on pages 13 and 14 
of the Appendix. 

« Reprinted from Forest Service Circular 141. 
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test. The discharge opening of the retort shall be from 20 to 24 
inches from the bulb of the thermometer, and the retort shall be 
covered to prevent too rapid radiation. The percentages are for dry 
oil, and by weight: 

Up to 150® C, nothing must come off. 

Up to 170° C, 2 per cent. 

Up to 210° C, from 6 per cent to 8 per cent. 

Up to 235° C, from 20 per cent to 30 per cent. 

Up to 315° C, from 40 per cent to 50 per cent. 

Up to 355° C, from 60 per cent to 80 per cent. 

Distillation shall be gradual and be completed, up to 315° C, in 
30 minutes from the first drop, and entirely completed in 40 minutes. 

Table 3. — Analyses of the oils used in 1906 in the treatment of the paving blocks laid in 

the original test pavement,^ 



Specific gravity of oil at 20* 

Liquid at 22* to25» C 

Water per cent 

Loss per cent up to IdO** C. . 
Loss per cent up to 170** C. . 
Loss per cent up to 210* C. . 
Loss per cent up to 235** C. . 
Loss per cent up to 315** C. . 
Loss per cent up to 356** C. . 



Birch 


Larch 


treated at 


treated at 


Sandstone, 


Sandstone, 


Minn., July 


Minn., July 


3,1906. 


5,1906. 


1.07 


1.07 


Solid. 


SoUd. 


5.20 


5.20 


.05 


.10 


.37 


.40 


5.82 


5.36 


46.56 


45.70 


72.91 


72.28 


83.01 


81.21 



All others 
treated at 
Minneapolis: 
Fir, July 18, 
1906; south- 
em pine, 
July 1, 1906; 

honlock, 
July 9, 1906. 



1.09 

Liquid. 

2.30 

.40 

L35 

7.90 

27.50 

50.60 

74.00 



Minne- 
apolis 
specifica- 
tions. 



L09 
Liquid. 
2.00 


0to2 

6 to 8 

20to30 

40to50 

60to80 



1 From Annual Report of City Engineer City of Minneapolis, 1906. 
Table 4. — Record of the treatment of the paving blocks laid in the test pavement in 1906 ^ 





Square 
yards. 


Treatment. 


Pounds 
of 


Species. 


Place. 


Creosoting Co. 


creosote 

per cubic 

foot. 


White birch 


358 
333 
280 
338 
398 
335 
4,213 


Sandstone, Minn 


Kettle River Quarries Co. . 
do 


22.1 


Western larch 


do.. 


20.4 


Ponglas fir 


Minneapolis, Minn 

do 


Republic Creoeoting Co. . . 
do 


15.8 


Eastern hemlock 


15.5 


I/onelftftf pine ^ ... 


do 


do 


18.5 


Taniar«/»V. . 


do 


do 


16.2 


Norway nine 


do 


do 


16.0 











1 From Annual Report of City Engineer City of Minneapolis, 1906. 

SPECIFICATIONS OF THE CITY OF MINNEAPOLIS FOR PAVING-BLOCK 

OIL FOR THE YEAR 1911. 



The oil to be used in €he treatment of the blocks shall be a pure 
heavy creosote oil, obtained from coal tar only, and of the following 
quality, viz: 
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The specific gravity of the oil shall be at least 1.10 at a temperature 
of 38^ C. 

It shall be completely liquid at 25° C. and show no deposit on cool- 
ing to 22° C. 

It shall not contain more than 3 per cent of matter insoluble by 
hot continuous extraction with benzol and chloroform. 

It shall be subjected to a distillation test, as specified below, and 
shall conform to the following requirements: 100 grams of oil shall 
be placed in an 8-ounce retort fitted with a thermometer, the bottom 
of the bulb of which shall be placed one-half inch above the oil and 
not moved during the test. The discharge opening of the retort shall 
be from 20 to 24 inches from the bulb of the thermometer and the 
retort shall be covered so as to prevent too rapid radiation. The 
percentages are for dry oil and by weight. The average of a number 
of tests shall show a mean of those percentages, viz, up to — 

150° C, nothing must come off. 

170° C, from per cent to 0.5 per cent. 

210° C, from 2 per cent to 4 per cent. 

235° C, from 6 per cent to 16 per cent. 

355° C, from 40 per cent to 55 per cent. 

The distillation shall be gradual, and should be fully completed in 
40 minutes from the first drop. Thermometer readings to be cor- 
rected for emergent stem. 

Table 5. — Analyses of the oils v^ed in 1911 in the treatment of the paving blocks lused in 

the relaid sections of the test pavement. 





Oil used in treatments. 


Minneapolis 
specifications. 


SDeciflc zravltv of oil at 38* C 


1.108 


1.10 


Liquid at 22* to 25" C 


Liquid 


Liquid. 


Loss Der cent ud to 180* C 


3. 4 (yellow oil and water) 


to 0. 5 up to 


Loss Der cent up to 210* C 


'15. (yellow paste) 


170* C. 
2to4 


Loss per cent up to 235* C 


30. 8 (yellowish white, solid) 


6 to 16 


Loss per cent up to 365* C 


65. 2 (dark-brown oil) 


40 to 55 









Samples of oil were taken separately for the Douglas fir and south- 
em yellow pine treatments. These were analysed by the Forest 
Service method and found to be identical; consequently only one 
analysis was made, using the retort as described in the MinneapoUs 
specifications. 



RECORD OF THE TREATMENT OF THE PAVING BLOCKS LAID IN THE 

TEST PAVEMENT IN 1911. 

DOUGLAS fir: REPUBLIC CREOSOTINO CO., MINNEAPOLIS, JUNE 23, 1911. 

Preliminary vacuum of 25 inches drawn in 24 minutes. 
Oil admitted and pressure gradually applied for 60 minutes. Maxi- 
mum pressure, 135 pounds per square inch. Temperature of cylinder 
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during pressure period, 180° F. Temperature of measuring tank 
during pressure period, 200° F. 

Absorption, as measured by the float gauge of measuring tank, 
6 inches, or 1,176 gallons. 

Specific gravity of oil at 210° F. (temperature at which preliminary 
and final gauge readings were taken), 1.065. 

Amount of wood in treatment, 7,000 feet b. m. or 583 cubic feet. 

Absorption, 17.9 pounds oil per cubic foot of wood. 

SOUTHERN YELLOW PINE: REPUBLIC CREOSOTINQ CO., MINNEAPOLIS, JUNE 24, 1911. 

Prehminary steaming at 150° F. for 1 hour 7 minutes. 

Preliminary vacuum of 25 inches for 42 minutes. 

Oil admitted and pressure gradually applied for 1 hour 16 minutes. 
Maximum pressure, 140 pounds per square inch. Temperature of 
cyUnder during pressure period, 180° F. Temperature of measuring 
tank during pressure period, 200° F. 

Absorption, as measured by the float gauge of measuring tank, llf 
inches, or 2,303 gallons. 

Specific gravity of oil at 210° F. (temperature at which prelimi- 
nary and final gauge readings were taken), 1.065. 

Amount of wood in treatment, 1,180 cubic feet. 

Absorption, 17.3 pounds oil per cubic foot of wood. 

TRAVEL RECORDS. 

The following travel records are taken from the annual reports of 
the city engineer, city of Minneapolis, Minn., for the years 1906, 
1907, 1908, 1909, and 1910. The complete detailed travel records 
are given here only lor the year 1906, since that is sufficient to indi- 
cate the manner in which the records were taken. However, detailed 
avelrages for each succeeding year are given. 
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Table 6. — Records of travel on Nicollet Avtrvue between Washington Aveniie and 

Second Street during part of 1906. 



[Street paved In 1906 with 4-inch creosoted blocks on 5-inch Portland cement concrete foundation. 

of roadway, 50 feet. Records taken from 6 a. m. to 6 p. m.] 



Width 



Classification of travel. 



Loaded: 

1-horse rubber tire. . 

1-horse steel tire 

2-horse rubber tire. . 

2-hor8e steel tire 

4-hor8e steel tire 

Light: 

l-horse rubber tire. . 

l-horse steel tire 

2-horse rubber tire. . 

2-horse steel tire 

4-horse steel tire 

Horses 

Bicycles 

Automobiles 



Total 

Average tons per foot of roadway. . 

Estimating 90 per cent of travel on 
middle 25 feet of roadway, aver- 
age tons per foot. 

Teams trotting 

Teams walking 



Wednesday, 
Aug. 1, 1906. 
Temperature: 
Maximum, 84; 
minimum, 63; 
weather, ■partly 
cloudy; mois- 
ture, none; con- 
dition of pave- 
ment, (fry. 



Num- 
ber. 



19 

/DO 

50 

528 

34 

294 

765 

57 

334 

18 

2 

1,353 

218 



3,938 



1,618 
747 



Tons. 



29.5 

399 

225 

2,376 

272 

294 
765 
142.5 
835 
72 
1.2 
135.3 
327 



5,873.5 
117.47 



211.45 



Thursday, 
Aug. 16, 1906. 
Temperature: 
Maximum, 93; 
minimum, 71; 

weather, 
cloudy; mois- 
ture, none; con- 
dition of pave- 
ment, dry. 



Num- 
ber. 



17 
286 

25 
572 

28 

221 

1,160 

110 

461 

32 

4 

1,064 

335 



4,315 



2,038 

874 



Tons. 



25.5 
429. 
112.5 
2,574 
224 



221 
1,160 

275 
1,152. 

128 
2. 

106. 

502. 



6,912.8 
138.26 



249.22 



Saturday, 

Sept. 1, 1906. 

Temperature: 

Maximum, 71; 

minimum, 57; 

weather, 
cloudy; mois- 
ture, 0.29; con- 
dition of i)ave- 
ment, wet. 



Num- 
ber. 



13 
402 

19 
592 

7 

248 

1,051 

116 

407 

4 

2 

1,052 

237 



4,149 



1,980 
878 



Tons. 



19.5 
603 
85.5 
2,664 
56 

248 
1,051 

287.5 

1,017.5 

16 

1.2 

105.2 

365.5 



6,509.9 
130.16 



234.28 



Thursday, . 
Sept. 20, 1906. 
Temperature: 
Maxunum, 71; 
minimum, 61; 

weather, 
cloudy; mois- 
ture, 0.70; con- 
dition of pave- 
ment, wet. 



Num- 
ber. 



7 
287 

14 
548 

13 

209 

1,144 

105 

467 

16 

6 

929 

152 



3,897 



1,912 
898 



Tons. 



10. 
430. 

63 

2,466 

104 



209 
1,144 

262.5 

1,167.5 

64 

3.6 

92.9 

228 



6,245.5 
124.91 



224.84 



Classiflcation of travel. 



Loaded: 

1-horse rubber tire . 

1-hofse steel tire... 

2-horse rubber tire. 

2-horse steel tire. . . 

4-horse steel tire. . . 
Light: 

1-horse rubber tire. 

1-horse steel tire. . . 

2-horse rubber tire. 

2-horse steel tire. . . 

4-horse steel tire. . . 

Horses 

Bicycles 

Automobiles 



Total 

Average tons per foot of roadway. . 

Estimating 90 per cent of travel on 
middle 25 feet of roadway, aver- 
age tons per foot 

Teams trotting 

Teams walking 



Monday, 

Oct. 1, 1906. 

Temperature: 

Maximum, 70; 

minimum, 45; 

weather^ 
clear; mois- 
ture, none; con- 
dition of pave- 
ment, dry. 



Num- 
ber. 



11 
485 

10 
615 

27 

262 

966 

73 

337 

27 

5 

1,234 

248 



4,300 



1,856 
957 



Tons. 



16.5 
727.5 

45 

2,767.6 

216 

262 
966 
182.5 
842.5 
108 
3 
123.4 
372 



6,631.9 
132.64 



238.75 



Tuesday, 

Oct. 16, 1906. 

Temperature: 

Maximum, 74; 

minimum, 51; 

weather, 
clear; mois- 
ture, none; con- 
dition of pave- 
ment, dry. 



Num- 
ber. 



29 
570 

81 
657 

40 

340 
821 

88 
345 

36 
2 

1,15a 

247 



4,409 



1,940 
1,067 



Tons. 



43.5 
855 
364.6 
2,956.5 
320 

340 

821 

220 

862.5 

144 

1.2 
115.3 
370.5 



7,414 
148.28 



206.90 



Thursday, 
Nov. 1, 1906. 
Temperature: 
Maximum, 49; 
minimum, 32; 
weather, partly 
cloudy; mois- 
ture, none; con- 
dition of pave- 
ment, ou*y. 



Num- 
ber. 



21 
276 

63 
677 

31 

264 

1,165 

192 

480 

21 



749 
172 



4,111 



2,263 
927 



Tons. 



31.5 
414 
283.5 
3,046.5 
248 

264 
1,165 

480 

1,200 

84 



74.9 
258 



7,549.4 
150.99 



271.77 



Tuesday, 
Nov. 16, 1906. 
Temperature: 
Maximum, 38; 
minimum, 32; 

weather, 
cloudy; mois- 
ture, 0.66; con- 
dition of pave- 
ment, wet. 



Num- 
ber. 



6 
353 

38 
472 

11 

109 

656 

90 

357 

2 

5 

31 

61 



2,191 



1,353 
741 



Tons. 



9 
629.5 
171 
2,124 

88 

109 
656 
225 
892.5 

8 

3 

3.1 
91.5 



4,909.6 
98.19 



176. 75 
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Table 6. — Records of travel on Nicollet Avenue between Washington Avenue and 

Second Street during year 1906 — Continued. 



Classification of travel. 



Loaded: 

1 horse rubber tire. 

l-horse steel tire. . . 

2-horse rubber tire. 

2-hor8e steel tire. . . 

4-horse steel tire... 
Light: 

l-horse rubber tire. 

l-horse steel tire. . . 

2-horse rubber tire. 

2-horse steel tire. . . 

4-horse steel tire. . . 

Horses 

Bicycles 

Automobiles 



Saturday, Dec. 1, 
1906. Temperar 
ture: Maximum, 
28; minimum, 6; 
weathOT, clear; 
moisture, none; 
condition of 
pavement, dry. 



Number. 



Total 

Average tons per foot of roadway 

Estimating 90 per cent of travel on middle 
25 feet of roadway, average tons per foot . . 

Teams trotting 

Teams walking 



236 

1 

506 

12 

155 

1,015 

119 

574 

8 



208 
76 



2,910 



1,825 
801 



Tons. 



354 
4.5 
2,277 
96 

155 

1.015 

'297.5 

1,435 

32 



20.8 
114 



5,800.8 
116.02 

208.83 



Wednesday, Dec. 
19, 1906. Tem- 
perature: Maxi- 
mum, 34; mini- 
mum, 21; weath- 
&c, cloudy; mois- 
ture, trace; con- 
dition of pave- 
ment, dry. 



Number. 



362 
2 

U 

159 
897 

88 
467 

12 
2 

81 

85 



2,715 



1,683 
864 



Tons. 



543 
9 
2,470.5 
88 

159 
897 
220 
1,167.5 
48 
1.2 
8.1 
127.5 



5,738.8 
114.77 

206.60 



Total average. 



Number. 



12.3 
352.3 

30.3 
571.6 

21.4 

226.1 
964 
103.7 
422.9 
17.6 
2.8 
785.4 
183.1 



3,693.5 



Tons. 



18.5 

528.4 

136.4 

2,572.2 

171.2 



226 

964 

259 

1,057 

70 

1.7 

78.5 

274.7 



6,358.6 
127.17 

228.94 
1,846.68 
875.4 



Table 7. — Detailed average travel records on Nicollet Avenue between Washington 

Avenue and Second Street during 1907. 





Averages. 


I'otal av 
the: 

• 




Classification of travel. 


For the first 3 ob- 
servations when 
there was snow. 


For the last 16 
observations. 


erage for 
jrear.i 




Number. 


Tons. 


Number. 


Tons. 


Number. 


Tons. 


Loaded: 

l-horse rubber tire 


«194.7 

S146 

■327 

*139 
M.4 
»2.4 

«605 

»117 

S263 

•74 

»1 

»2.4 

6 

5.7 
15.7 


292 

219 
1,471.5 

625.5 
10.7 
18.7 

505 
117 
657.5 
185 
4 

9.3 

3.6 

.6 

23.5 


48.8 
543.8 

50 
637.7 


73.2 
816.7 
225 
2,869.6 


71.8 
481 

03.7 
550 
L4 

25.2 

247.7 
602.1 
103.1 
366.4 

1 
15.3 

9.3 
823.6 
245.7 


107.7 


l-horse steel tire 


721.5 


2-hor8e rubber tire 


421.8 


2-horae steel tirel 


2,515.3 


4-horse rubber tire 


10.7 


4-horse steel tire 


29.5 

199.4 

799.9 

73.1 

421.2 


236 

199.4 
799.9 
182.8 
1,053 


201.7 


Light: 

l-horse rubber tire 


• 

247.7 


l-horse steel tire 


692.1 


2-horse rubber tire 


257.8 


2-horse steel tire 


915.9 


l-horse rubber tire 


4 


4-hor8e steel tire 


17.7 

9.9 

976.9 

288.8 


70.8 

5.9 

07.7 

433.1 


61.1 


Horses 


5.5 


Bicycles 


82.4 


Automobiles 


368.4 






Total 


1,800.3 


4,142.9 
82.86 

149. 15 


4,096.7 


7,062.1 
14L24 

254.24 


3,736.3 


6,613.6 


Averaire tons wv foot of roAd'^Ay. . , 


132.02 


Estimating 90 per cent of travel on middle 

25 feet of roadwav. averaee tons per foot. 






237.65 


Teftins trottinir. 


1,538.7 
234.2 


1,775.6 
1,045.5 


1,738.2 
917.4 




Teams walking 















1 This column did not appear in the city engineer report for 1907, but was added in order to make the 
summaries uniform. 
> Sleds. 
'Wagons. 
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Table 8. — Detailed average travel records on Nicollet Avenue between Washington 

Avenue and Second Street during 1908. 



Classification of travel. 



Loaded: 

1-horse rubber tire. 

l-horse steel tire. . . 

2-hor8e rubber tire. 

2-liorse steel tire. . . 

4-horse steel tire. . . 
Lif^ht: 

1-horse rubber tire. 

1-horse steel tire. . . 

2-horse rubber tire. 

2-horse steel tire. . . 

4-horse rubber tire. 

4-horse steel tire. . . 

Horses 

Bicycles 

Automobiles 



TotaL 

Average tons per foot of roadway 

Estimating 90 per cent of travel on middle 
25 feet of roadway, average tons per foot. 

Teams trotting 

Teams walking 



Averages. 



For the first 2 ob- 
servations when 
there was snow. 



Number. 



1156 
>265 
1127.5 
>334.5 
«2 

1286 
>409 
1130 
S254 



«1.5 
1.5 
19 
121.5 



2,107.5 



1,439 
526.5 



Tons. 



For the last 10 
observations. 



Number. 



234 
397.5 
573.7 
1,555.3 
16 

286 
409 
325 
635 



6 
.9 
L9 
182.3 



4,622.6 
92.45 

166.41 



31 
432. 

45. 
682. 



28.6 

248 

1,005.4 

125.9 

52L4 

.1 

19.2 

5.4 

919.7 

520.7 



4,585.8 



2,134.6 
1,005.4 



Tons. 



46.5 

649.1 

203.4 

3,071.2 

228.8 

248 

1,005.4 

314.8 

1,303.5 

.4 

76.8 

3.2 

92 

781.1 



8,024.2 
160.49 

288.87 



Total average for 
the year. 



Number. 



51.8 
404.7 

58.9 
624.5 

24.1 

254.3 

906 

126.6 

476.9 

.1 

16.3 

4.8 

769.6 

454.2 



4,172.8 



2,018.7 
925.6 



Tons. 



77.8 

607.2 

265 

2,818.6 

193.4 

254.3 

906 

316.5 

1,192.1 

.4 

65 

2.8 

76.9 

681.3 



7,457.3 
149. 15 

268.46 



1 Sleds. 



Wagons. 



Table 9. — Detailed average travel records on Nicollet Avenue between Washington 

Avenv£ and Second Street during 1909. 





Averages. 


Total av 
the: 




Classification of travel. 


For the first 2 ob- 
servations when 
there was snow. 


For the last 10 
observations. 


erage for 
^ear. 




Number. 


Tons. 


Number. 


Tons. 


Number. 


Tons. 


Loaded: 

1-horse rubber tire 

l-horse steel tire 


159.5 
111 
245 
231.5 
L5 

502.5 
295.5 
276.5 
246.5 

1 

4.5 

6 
172.5 


239.2 

166.5 

1,102.7 

1,047.5 

12 

502.5 
295.5 
691.5 
616 

4 

2.7 

.6 

258.7 


36.5 
541.2 

52.7 
633.2 

33 

161.9 
702.6 

58.4 
412.6 

23.6 

7.8 

737.2 

647.4 


54.7 
8U.3 
237.6 

2,848.7 
264 

16L9 

702.6 

146 

1,031.5 

94.4 

4.7 

73.7 

971 


57 
468.5 

84.7 
566.3 

27.7 

218.7 
634.7 

94.7 
385 

19.8 

7.3 

615.3 

568.3 


85.5 
703.9 


2-horse rubber tire 


381.8 


2-horse steel tire 


2,548.5 
222 


4-horse steel tire 


Light: 

1-horse rubber tire 


218.7 


l-horse steel tire 


634.7 


2-hor8e rubber tire 


237 


2-horse steel tire 


962.3 


4-horse steel tire 


79.2 


Horses 


4.4 


Bicycles 


61.5 


Automobiles 


852.3 






Total 


2,253.5 


4,939.8 
98.79 

177.9 


4,048.1 


7,623.2 
152.46 

274.9 

.,,, 


3,748 


7, 175. 9 


Average tons per foot of roadwav 


143.52 


Estimating 90 per cent of travel on middle 
25 feet of roadway, average tons per foot . . 








258.5 


Teams trotting 


351.3 
1,719 


989.3 


882.4 
1,674.7 




TpATn«^ WAlklnF. ... . > ... 




1,666.5 
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Table 10. — Detailed average travel records on Nicollet Avenue between Washington 

Avenue and Second Street during 1910. 





Averages. 


Total av 
the 3 




Classification of travel. 


For the first 2 ob- 
servations when 
there was snow. 


For the last 10 
observations. 


erage for 
rear. 


 


Number. 


Tons. 


Number. 


Tons. 


Number. 


Tons. 


Loaded: 

1-horse rubber tire 


126 
70 

224.5 
110 


189 

106 

1,010.25 

495 


20.9 
351.7 

36 

669.9 
.1 

39.4 

183.4 

865.5 

113.3 

565.4 

.2 

31.9 

4.7 

803.4 

1,023.7 


31.3 

527.6 

162 

3,014.5 

.8 

315.2 

183.4 

865.5 

283.3 

1,413.5 

.8 

127.6 

2.8 

80.3 

1,535.6 


38.4 

304.8 

 67.4 

576.6 

.1 

32.8 

215.3 

742 

135.5 

492.7 

.2 

26.8 

4.6 

669.7 

886.6 


57.6 


1-horse steel tire 


457.2 


2-horse rubber tire 


303.3 


2-horse steel tire 


2,594.7 


4-horse rubber tire 


.6 


4-horse steel tire 






262.7 


Light: 

1-horse rubber tire 


376 
124 
246.5 
129.5 
.5 

1.6 

4 

1 
201 


375 
124 

616.25 
323.75 

2 

6 

2.4 

.1 

301.5 


215.3 


1-horse steel tire 


742 


2-horse rubber tire 


338.8 


2-horse steel tire 


1,231.7 


4-horse rubber tire 




4-horse steel tire 


107.2 


Horses 


2.7 


Bicycles 


66.9 


Automobiles 


1,329.9 






Total 


1,613.6 


3,550.25 
71 

127.8 


4,709.5 


8,544.21 
170.88 

307.20 


4,193.5 


7,711.6 


Average tons per foot of roadway 


154.23 


Estimating 90 per cent of travel on middle 
25 feet of roadway, average tons per foot . . 








278 


Tef"n«i trottipg X 


1,220 
187 


1,842 
1,035 


1,739 
894 




Tpfun«| wf^ltHPg. . 
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iX)REST PLAOTDfG m THE NORTHEASTKM 

AND LAKE STATES. 



THB BBQION. 



The suggestions contained in this circular are applicable to the New 
En^and States, New York, northern New Jersey, all of Pennsyl-- 
vania, western Maryland, the high plateau region of West Virginia 
and the higher portions of the Appalachians south of it, and to 
Michigan, Wisconsin, and eastern Minnesota. 

ADVISABILITY OF FOBB8T PLANTINa. 

While the need for tree planting has not been felt in New England 
and the Lake States as keenly as in the treeless West, large areas of 
land within this region are fit only for forest growth. From an 
economic standpoint it is important that these lands should be put 
into a state of productiveness. Extensive forest planting has thus 
far been somewhat discouraged by present methods of taxation and 
in part of the region by the difficulty in securing adequate protection 
from fire. The true value of forest land and its rightful place among 
the permanent resources of the State are, however, becoming recog- 
nized, and an enlightened public sentiment is rapidly making this 
form of investment safe and profitable. 

CUT-OVER LANDS. 

Throughout the Northeastern States and the Lake region are large 
areas of forest land which have been lumbered and afterwards swept 
by successive fires. Repeated burnings have largely destroyed 
young trees of valuable species, and these have been succeeded by 
stanck of aspen, wild red cherry, scrub oak, red maple, and shrubs, 
all of low value. Such land presents to the tree planter a difficult 
problem, because not only will the expense of the initial planting be 
rathw high, owing to the dense growth already on the ground, but 
the young trees are likely to be overcome in competition with it. 
Added to these difficulties is the great danger from fire. This is 
especially true in the Lake States and Pennsylvania. The land, 
however, in its present condition, has a very low producing value, 
and where adequate fire protection can be provided forest planting 
is strongly recommended. 
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On recently cut-over areas which have not been burned and on 
which a few trees are left that will furnish seed, planting is seldom 
necessary, for the more valuable species will usually come in without 
iMTt^eial aid. Cut-over lands which have recently been buia^di &<> 
that, the gitowth of worthless species is checked, ofkir exceptionally 
good opportunities for planting. Llttids on whieh sprout or seedling 
growth is scarce or poorly distributed may be reforested by planting 
the bare areas. 

WORN-OUT AGBICtTLTUEAL LAKB. 

Theit^ is a krge amount of land, particularly in New England and 
Michigan, which was cleared for farming, but which afte^waadd 
deteriorated in value, principally ttoough loasf of fertility. Tilrotigh- 
out Massachusetts, Connecticut, and New Hampshire, mtoy of these 
abandoned farms and old pastures grew up to white pine. ThiM crop 
is rapidly being removed, and because no seed trees are being left 
little natural reproduction is taking place. Such lands, because of 
theit nearness to market and their freedom from brush eover, offer 
exceptionally fine opportunities for forest plantings 

SAND DUNBS AND BASRSN3. 

There are large areas of barren sand plains, notably in Connecticut, 
Ehode Island, New Hampshire, Massachusetts, New Jersey, and 
Michigan, which can not be tilled and which are a source of expense 
to their owners. These sandy lands are suited to the requirements 
of several hardy conifers, and, in many instances, will even Support 
a good growth of white pine. As in the case of sand dunes, the 
problem is not one of purely commercial planting, but of preventing 
drifting sand from encroaching on valuable property. 

WATBESHEP PBOTSOTION. 

The policy of artificially establishing a forest cover on denuded 
watersheds for the protection of municipal water supplies is being 
foflowed by many of the larger towns and citie$, and is desetving of 
more general adoption. A forest cover upon a watershed not onfy 
protects the purity of the water, but effectively regulates its ruil-off, 
materially reduces the amount of erosion, and pi'events to A large 
extent the silting up of reservoirs. Streams upon bare watersheds, 
on the other hand, drain off the rainfall rapidly, in muddy torrents, 
culminating in the common spring flood, to be followed, in time of 
drought, by extreme scarcity of flow. Wherever natural reproduc- 
tion caa not be depended upon to cover the pastui'es and bare lands 
of reservoir watersheds with forest growth,* tree planting should be 
practiced. While the immediate object of this forest planting Will be 
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protec<svtty timber crops will eventually be produced whicb will yield 
good profite. 

THE WOODLOT. 

Nearfy every farm has at least a few acres which are of little value 
•for growin^g agricultural crops. This land should be set aside for a 
woodlot and devoted to the production of fuel, fence posts, and "tim- 
ber for farm uses. Large open spaces in existing woodlots can be 
restocked with valuable species, thus making every part of the land 
productive. This is best done on lands from which the trees have 
recently been cut. In addition to producing wood material, the 
farm woodlot may, in some instances, be made to serve as a shelter 
belt to protect the buildings or orchards from wind or snow. 

BDmnena of piiAMnNa. 

The best method of establishing a forest plantation is by the use of 
nursery stock. It is usually advisable to purchase plant material 
from a commercial nursery. In extensive operations, however, it 
may prove more profitable to produce the planting stock in a home 
nursery. Such a nursery, however, will demand the careful super- 
vision of one experienced in growing young, trees. 

Forest planting must be done by simple and cheap methods. Prep- 
aration of the planting site by plowing and harrowing is not essential, 
but is best if the land has been previously utilized for crops. Such 
preparation and cultivation improve the early growth of the trees, 
but add to the initial cost of the plantation* 

Trees should be planted with the least possible exposure of the 
roots. The rootlets of the plant will dry out if exposed to the air 
for even a short time. This is especially true of conifers. Some of 
the broadleaf species may, with proper attention, live even after the 
roots have dried out, but conifers are far less Hkely to survive. 

When the seedlings are received, they should be unpacked at once 
and their roots dipped into a pail containing thin mud. Until time 
for planting in the field the trees should be "heeled in" according to 
the following method : Dig a trench deep enough to bury the roots 
and part of the stems. The trench should run east and west, wit^ 
its south bank at a slope of about 30^ to the surface of the gronmd 
and with the dirt thrown out on the south side. A layer of trees 
should be placed in the trench on its sloping side, the tops toward 
the south. The roots and stems should be covered with fresh earth 
dug from the north side of the trench, on which a second layer of 
trees is put and covered in the same way. The widening ol the 
trench by digging from the north side is repeated and layers of trees 
are put in until all have been heeled in. (See fig. 1.) 
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In the case of conifers care should be taken not to buiy the fotuigo, 
and either to choose a shady place for the young trees or to construct 
a shade over them with brush or laths. 

The best time to plant trees is in the early spring, before the growth 
begins. In general, planting should be done as soon as possible after 
the frost is out of the ground. The trees should be carried to the 
planting sites roots downward in a pail containing several inches of 
water. They should be set in holes made with a dibble or dug with 
a mattock or spade. The width and depth of the holes will depend 
on the character and size of the plant's root system. The trees ' 
usually should be set in the ground slightly deeper than they were in 
the nursery. In all tree planting it is of the greatest importance to 
press the earth firmly about tlie roots, so that all air spaces are filled. 
The soil should not, however, be packed so hard as to be impervious 
to water, nor should the earth be raised in a mound about the stem. 



Fio. 1.— Heeling In young trees. 

Information regarding general nursery practice and planting may 
be obtained from publications of the Forest Service, which will be 
forwarded upon request addressed to the Forester. 

PBOTECTION. 

Protection to forest plantations must be assured before success is 
possible. Fire must be guarded against; otherwise the investment is 
hkely to be a total loss. Local conditions must be such that the 
danger from fire is reduced to a minimum. Cattle must be rigidly 
excluded from the area planted, since grazing is decidedly injurious. 

Plantations should be carefully watched to detect the presence of 
injurious insects. Insect dam^e should be reported promptly, and 
specimens of insects which attack the seedlings should be mailed to 
the Bureau of Entomology of the United States Department of Agri- 
culture, which will identify them and suggest measures for their 
control. 

ICb. IBS] 



SPBCIES FOB PLANTING. 

In general, conifers are best adapted for planting in the region, 
on account of their more rapid growth. Conifers produce a variety 
of material which is in great demand. They also are far superior to 
deciduous trees for protective planting. To supply special demands 
in certain localities, it is sometimes desirable to grow crops of a par- 
ticidar species. Thus, willows may be planted for basket material 
or fine grades of charcoal ; basswood arid cottonwood may be grown 
for wood pulp, and black locust for fence posts. 

Species which are well suited for planting in the region are white 
pine, red (Norway) pine, Scotch pine, pitch pine, jack pine, Norway 
spruce, European larch, ash, chestnut, sugar maple, and red oak. 
The Forest Service will send, upon request, lists of dealers in these 
and other species. 

WHITE PINE (Pinus strobus). 

White pine is suitable for planting on nonagricultural lands 
throughout the region. Much of the abandoned farm land in the 
New England States may profitably be planted with white pine, and 
the tree is well adapted to burned and cut over forest lands and to 
watersheds. 

White pine grows best on a fresh, light, deep, and sandy soil with 
a porous subsoil. It will succeed, however, on a variety of soils, 
from fresh, medium-heavy clay and loam to dry sands. It will 
endure windy and cold exposures, but should not be planted near the 
seacoast, since it will not endure strong sea breezes. 

Plantations of white pine are best established by the use of 3-year- 
old transplants. The trees should be planted 6 feet apart each way. 
They may be planted either pure or in mixture with shade-enduring 
hardwoods or conifers. It is essential, however, that the associated 
species should be of slower growth, smce otherwise they wiU overtop 
and kill the pine. There are also certain light-demanding species 
of rapid growth which may be mixed with white pine. These, 
while they may overtop the pine, cast so light a shade that its 
development will not be retarded. The more important species 
for planting in mixture with white pine are chestnut, European 
larch, Norway spruce, red oak, and sugar maple. Ordinarily white 
pine and the associated species should be planted alternately, so 
that the white pine will make up half the stand. In mixture with 
European larch, however, white pine should constitute at least two- 
thirds of the stand. 

Commercial plantations of white pine should be cut when from 40 
to 70 years old. At this time the trees will be from 50 to 80 feet 
high and from 12 to 18 inches ia diameter. The larger trees will 
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furnish saw timber, while the bulk of the plantation will find ready 
sale as box boards, pail staves, match blocks, woodenware, and 
straight cooperage. Where there is a demand for small material, 
the stand may be profitably thinned at the age of 20 to 30 years. 

Because of its thin bark young white pine is very susceptible to 
injury by fire. Between the fifth and twentieth years> however, the 
greatest cause of injury to the white pine is the weevil, which, in the 
grub sta^e, mines in the terminal shoot and causes a crooked stmn. 
Repeated attacks make the tree unmerchantable. 

RED PIN15 {PinuB rednotay. 

Bed pine may be planted on situatiojas similar to thoee recom- 
mended for white pine. In form and rapidity of giEowth it is v^y 
similar to white pine, and because of its freedom from insect injury 
may sometimes profitably be 'substituted for it. The wood is val- 
uable for all kinds of house lumber, and when chemically treated 
makes good posts and tiee. It is somewhat stroi^r than white pine, 
and in the ooal regions wiU be valuable for mine props. In most of 
its quafities it is somewhat smiilar to the shortleaf pine of the South. 

Two-year-old seedlings or three-year-old transplants should be 
used and the trees planted 6 feet apart each way. Red pine is well 
adapted to pure plantations, but it may be mixed with European 
larch, chestnut, red oak, and sugar maple. The tree is very h^bi 
demanding, and it is essential that associated species should not sup- 
press it. To prevent this the other species should, in general, be of 
slower growth. European larch, however, though it grows faster than 
red pine, is a very desirable tree in mixtui^e, siace its crown casts little 
shade. When planted with red pine it should never exceed a propor- 
tion of one to three in the plantation. In all oiher mixtures red 
pine and the associated species should be planted alternately, so that 
red pine wiH make up half the stand. 

SCOTCH PINE {Pinua aylvettrk). 

Scotch pine is native to Europe, though it has been planted to 
some extent throughout the northern United States. It resembles 
red pine, and, although inferior to our white pine in many respects, 
wiH often prove an excellent substitute. It is indifferent to soil 
requirements and is well adapted to planting on sterile sands and in 
exposed situations. 

In this country, except for fuel, no practical use has ever been made 
of Scotch pine. Abroad it is one of the most important woods of 
conamerce and furnishes the famous "red" and "yellow" deals of the 
British timber trade. Although the wood is not durable in contact 
with the soil, large quantities are used for crossties and mine props, 
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ite value for Buch uses often being ktereased hj imprognafdon with 
wood pfeMFvatives. SmaK^fiind tfiaterlal is widely used f of staves, 
heading, box boards, etc., but the largest use of the timber is for gmt- 
era} eo&^ractiett p^^poses. 

In planting, the trees may be ^aeed 5 or 6 feet ap»rt eaeh way. 
The esaet distant^ will depend upon the^ site. On somewhat unfavor- 
able situations the closer spaeing is advisable. To secure proper 
form develepment the trees require eonsiderable crowding whSs 
young; hence wide planthig i^uld never be practiced. 

Although for favorable ^uatsons youi^r plant matmal may be 
suitable, the use of 3^year-old tran^ants is advised. Scotch pine 
may be gtown either pure or mixed, btit shotild never be associated 
with heavy-^oliaged trees of equal or more rapid growth. Suitable 
associates are Etttopean larch, Norway spruce, white pine, and red 
pine. 

JACK PINE (Pinus divaricata) AND PITCH PINE (Pima rigida). 

Jack pine and pitch pine are both very hardy trees, suited to sterile, 
sandy soils. If ground VFater is not too far bdow the surface, they 
can be planted with good prospeota ot success where few other trees 
win grow. Both species will withstand considerable drought, and axe 
rarely injured by frost. Planting of these speeiea should be limited 
strictly to sterile situations, such as sand dunes and sand barrens, 
where more valuable trees will not thrive^ — ^jaok pii» in the northern 
and western parts of the region to which this cireular is applicable, and 
pitoh pine in the southern and easteim portions. 

ThBse^y earKild traospfamts' should be used wherever the planting is 
on poor sites, and the trees spaced not more than 6 feet apart each way 
or preferaUy only 4 feet. Both species are well adapted for pure 
planting, which is the method usuaJly •dvisaUe. 

Since these speoies will be confined to poor soUs, the returns will be 
comparatively small, yet areas otherwise practically worthless may be 
utilized for the produetion of oordwood or rough lumbeor. It ahould 
be possiUe to grow at least one-third ol a cord per acre annually on 
such sites on a 40*year rotation. 

ETTROPEAN LARCH (Larix europsea). 

The European larch is not indigenous to the United States. It is a 
deciduous ceoiifer similar in form and size to our native tamfurack. 
Small pLaatations of larch have been made throughout the N(»rthm3i 
St«tes^ and in height growth is equalled by but few other conifers 
suitable for jdanyoig in the r^ioa. 

Larch requires favorable soil conditions. The soil should be deepi 
light, moderately fertile and fresh, and well drained both in the 
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upper layer and subsoil. When the land is ^et the tree may start 
vigorously, but it will soon become spongy at the base and rot. It 
will grow on comparatively poor soil. 

The wood of larch is heavy, hard, strong, flexible, and very durable 
in contact with the ground. When grown on good soil it is yellowish 
white, but in cold, elevated situations it is reddish brown and much 
harder. Because of its strength and durability it is very valuable for 
posts, poles, crossties, etc., and is largely used in shipbuilding. 

Plantations may be established by the use of 2-year^old seedlings. 
The planting should be done very early in the spring, since the buds 
start early. The trees should be spaced 6 feet apart each way. 

Mixed plantations are most desirable, since European experience 
shows that pure plantations of larch do not thrive for any length of 
time. Chestnut and larch and red pine or white pine and larch are 
admirable for planting on a large scale. In such mixtures the larch 
should be in the proportion of 1 to 3 or more. 

NORWAY SPRUCE {Picea excelm). 

Norway spruce, an introduced species, has been planted 6ver a wide 
area in the United States. It is more rapid in growth than our native 
spruce and is well adapted for planting for pulpwood oa cut-over 
lands of the Northeast. It wiU adapt itself, within certain limits, 
to situations formerly occupied by our spruce forests, and it is in 
many respects a superior tree. 

In the United States little use has so far been made of Norway 
spruce. The timber is light, soft, nonresinous, and fairly durable. 
It works well, splits easily, and seasons without serious warping. 
Abroad, its largest uses are for construction timber, fuel, and paper 
pulp. Its utility for the last purpose should lead to extensive com- 
mercial planting in this country. The timber may also be used for 
general construction purposes as a substitute for white pine. It is 
very suitable for hedges and windbreaks and may be planted as a 
protection belt about exposed hardwood groves. 

Norway spruce does not demand a deep, rich soil. It will grow 
weU in a fresh, shallow, moderately porous soil, whether fertile or 
not, but WiU noi thrive ik extremely dr^ situation^. In common with 
our native spruces, it is shade-enduring and forms dense stands which 
protect the soil and maintain forest conditions. 

Plantations are best started with 3-year-old trees, one year trans- 
planted. The trees should ordinarily be set 4 to 6 feet apart each 
way. Norway spruce makes excellent development in pure stands. 
If planted in mixture with other species, the best associates are white 
pine, red pine, European larch, and chestnut. 

ICir. 1«6) 
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CHESTNUT (Coikmea denUOa). 

Qf the hardwood trees suitable for planting in this region, chestnut 
is among the best in regions where it is free from disease. It yields 
comparatively quick returns in timber valuable for a wide range of 
uses. Large areas throughout the East, particularly in New Eng- 
land, Pennsylvania, ani New York, are well adapted to chestnut. It 
does not cfccur natiu*ally in the northern portions of New York or 
New England, nor in the Lake States, except Southern Michigan, 
but is abundant throughout the remaining portion of the region. If 
planted too far north, the shoots fail to become woody before they 
are nipped by the early frosts. The tree will endure the heat and 
cold of its natural home, however, and will remain thrifty in sunny^ 
diy situations. 

Chestnut timber is in great deman^. The wood works easily and is 
very durable in contact with the soil. It is used in cabinetwork and 
cooperage and for fence posts, telegraph and telephone poles, ties, 
and mine timbers. The presence of tannin in the wood increases the 
demand for small-sized and inferior material, and large quantities 
are used in the manttfactm^e of tannin extracts. 

Chestnut wiU thrive on a variety of soils, from almost pure sand to 
coarse gravels and shales. On limestone soils, however, it neva* 
makes good growth. In general it prefers the dry, well*drained, 
rocky land of the glacial drift to the richer, more compact, alluvial 
soils of the lowlands. 

The trees should be planted 6 feet apart each way. If they are to 
be grown directly from the seed without transplantmg, seed spots 
should be prepared. Two or three nuts should be planted in each 
and covered about 1 inch deep with fine earth. Only one tree should 
be allowed to remain in each hill. This method is recommended by 
many, and where there is no danger from squirrels it will prove 
satisfactory and less expensive than the use of seedlings. In general, 
however,, the planting of Iryear-old seedlings will be safer and will 
give better results. 

The system oi management best suited to chestnut is the pure 
coppice, with a rotation of from 45 to 60 years, although on good soils 
fence posts can be grown in 20, years or ties in from 35 to 40 years. 
Sprouts make more rapid growth than seedling trees and produce 
timber in many respects superior. Chestnut grows well in mixtures, 
particularly with white pine, red pine, and European larch, and with 
the oaks, ashes, and maples. ,. , 

Within the past 10 years chestnut in Connecticut; southern New 
York, New Jersey, Pennsylvania, Maryland, and in portions of other 
eastern StatcSs has been attacked by a destructive fungous disease, the 
chestnut bligtit. Since no practical means of combating this disease 
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have yet been found, the establishment of chestnut plantations 
within the infested area; or within considerable distances around it, 
is considered inadvisable. 

mV> OAK (Ovcr<w nn^). 

Red oak exceeds dH other oaks in rapi^Mtjr ctf gny^^h. It ifi reoom- 
mended for planting throughout the region, witli the niteeption of 
ihe e:?2trem^ nort^t^n portion, on soils of medium qufiAlty and on 
those wlnah have become exhausted by cnltiviltion. 

Bed oak is infei^of to white ottk fai istrcfs^h und durabi^y, though 
it is often subertituted for it. It is used for cabinet w«^ and iat^or 
fiidsh. By far the greatest argument in f a^or of planting red oak, 
however, is the possibility (jit silbstituting its tumber f<M^ that of 
white oak in crossties. White oak is not suitable for eomnaemal 
planning in this region, attnce its i^w growth makes su^ ptatfiting 
mi^roffitable. AMhough an excellent tie tlmbefr, red oak is ftot dura- 
ble in eofiftact wuth balkst. By the use of wood pfesefvatt»«», how- 
ever, a red-^ak tie can be made more dura/ble than one <if untreated 
white oak. 

Red oak is best suited to porcnis scil^-^-^Hher sa»dy, loaaiy, or 
gra'VeHy-olay. The tree is intolerant of shade, Moefyt wik^n very 
young, and mu^ always be alk^wed to kee{» ita creiwn free. 

Plantations ate best edtabttshc^d by the uoe of l-^em-ekA aeedHngs. 
The trees should be planted 6 feert^ apart eaah way. It is often 
advisable and less expensive to plant the acorns in seed sprite ia tbeir 
peirmanent place in the fieid. The aooms ate bitter and are not 
Sftstly to be molested by sqidjnrels. Three or four aeoms shoidd be 
piaeed in eaoh spot and eovored with about 1 ineh of fine ealtb. 

Bed oak may i» grown in pure stands, but it is saiitclblelor vusstupe 
with wluite pine, Euvopeaa larcli, red piafto, and with hadrd#o«d«| aiidh 
«8 ehestfnut and Mg^r maplf . 

WHITE ASH (Praxinus cmieHeoem). 

White ash, which grows scatteringly throughout this region on the 
better laoils, is ope of our most valuable hardwood species. Tlbe high 
quality of its woo4, its rapid growth as jpompared to other species 
wHct product wood of equal value, e,nd the ease of propagation are 
aD features which recommend it for planting. The tc^ood is excep- 
tionally strong, tough, tod ek^c, ta;kes a high poKi^h, seasons ^thout 
injury, and is fairly durable in contact with <he soil. Its diirf uses 
are tor vehicle and car construction, agricultural impiem«irits, tools, 
furniture, and interior woodwork. It has also beeft used »atirfac- 
torily for fence posts. Rrsfr-chtfitt posts ean be obtained fi^wn plan- 
tations on good soil»4ft from 19 to 20 yeaMF. 

White a^ should be ^^flrnted pref^ably on rieh, moist, perasfeable 
soik, and is wett adapted to Afluvial !ri:ver bottom lands, evmi where 
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subject to periodic overflow. Plantations can best be established 
with 1-year-old seedlings^ which on good soils should be spaced about 
^ 6 feet each way. It is advisable before setting the trees to prepare 
the planting site in the same manner as for farm crops. Ash may be 
planted either pure or in mixture. Some of the species best adapted 
for planting with it are sugar maple, black cherry, basswood, elm, 
white and Scotch pines, and European larch. Thorough and frequent 
cultivation to keep out weeds and grass should be given the planta- 
tion for the first three seasons, or until the ground is well shaded. If 
the stand is thinned when from 20 to 25 years old, it should be pos- 
sible on the best sites to cut clean at 45 years, at which time the 
diameters should run from 9 to 15 inches breast high. The stand can 
be renewed by sprouts from the stump, but it may be advisable to 
fill in the open spaces caused by former thinnings with seedling stock. 

SUGAR MAPLE {Acer gaccharum). 

Sugar maple is a comparatively slow-growing tree. It may be 
planted throughout the Northeastern and Lake States, on moder- 
ately rich, well-drained soils. It can not maintain itself on poor, dry 
ground. 

The wood of sugar maple is used in large quantities for flooring 
and interior finish and in the manufacture of woodenware, spindles, 
and novelties. It has a very high fuel value and produces high- 
grade charcoal. Sugar maple is also used to a considerable extent 
in the manufacture of implements and vehicles. 

Sugar maple has great worth as a filler in plantations of more 
valuable rapid-growing trees. Its wide planting range, hardin^s, 
tolerance, and heavy crown make it weU suited for this purpose. By 
planting the more valuable species in mixture with sugar maple the 
cost of the stand at maturity is reduced, since maple seedlings are 
cheap and easily obtained. To secure proper form development it is 
often necessary, in forest planting, to set out a much greater number 
of plants than can remain on the area when the trees increase in size. 
It is obvious, therefore, that the temporary portion of the stand 
should represent as small an outlay as possible, since little returns 
can be expected from this source. 

Sugar maple may be planted in mixtiu'e with white pine, red pine, 
European larch, ash, chestnut, and red oak. Two-year-old seedlings 
are suitable for planting, and may be obtained at a cost much less 
than that of species with which they will be associated. 

Approved: 

James Wilson, 

Secretary of Agriculture, 

Washington, D. C, October 24, 1911. 
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THE INFLUENCE OF AGE AND CONDfflON OF THE TREE UPON SEED 

PRODUCTION IN WESTERN YELLOW PINE. 



TESTS ON WESTERN YELLOW PINE SEED. 

The influence of the character of the mother plant upon the* quality 
and quantity of seed produced and upon the character of the oflfspring 
is a factor which is well recognized in plant breeding. In forestry 
this factor should be considered not only in collecting seed for arti- 
ficial propagation, but also in the selection of trees to provide for the 
natural regeneration of cut-over areas. In selecting seed trees the 
forester must ask himself: ''Which trees will produce the best quality 
and the greatest quantity of seed V^ and finally, ''Which will produce 
the most desirable seedlings ?'' Secondary, though very important, 
considerations which should govern the forester in his selection of 
trees to provide for the future stand after cutting are wind firmness 
and merchantable deterioration or appreciation. 

This circular deals primarily with the conditions affecting the 
germinative quality of the seed. The influence upon the quantity 
of seed, though of great importance, will be treated only as a second- 
ary topic, because the data on this phase of the subject are incomplete. 

The species studied was western yellow pine (Pinus ponderosa). 
The locality was near Maine, Ariz., on the Tusayan National Forest, 
elevation about 7,200 feet. In November, 1909, 100 samples, each 
consisting of from about one-tenth to 1 bushel of cones, according to 
the amount available, were collected from 100 trees representing 
different ages, sizes, and conditions of soundness and general health. 
The cones were collected in connection with a logging operation, which 
made it possible to determine accurately the age and soundness of 
the tree. In the case of young trees which were not felled the age and 
soundness had to be estimated; but since the number of such trees 
was small and nearly aU of them were thrifty, the errors in these esti- 
mates will not be great enough materially to affect the results. In 
each case the sample was made up of cones from all parts of the 
crown. Careful data were taken on each sample, according to the 
outline on page 4. * 

> Tlie seed samples and accompanying data were gathered by Forest Assistant Harold H. Greenamyre. 
16833MCir. 196J- 12 (3) 



Tree No 

Height (feet) 

Diameter breasthigh (inches) 

Age (yeare) 

Clear length ; 

Condition of bole 

Condition ot crown 

FireBCar? 

Spike top? 

Other peculiarities" 

Table 1. — Cvrnparatwe germinatio 



Yield of cones (buahels) 

Condition of cones 

Number of cones in sample. .. 
Dry weight sample (pounds). . 

Weight seed (ounces) 

Site: 

Exposure and slope 

Soil 

Ground cover 

Stand 
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• BlacUach, not cut. Ace esllniBWd. 

• IiKludis ID "blackjack" 15-22 Incbea dlameUi 
bnaat-hl^ whoso exact agB waa not tleeeanlued. 



Table 1 gives a comparison of the diflFerent classes of trees with 
reference to germination and yield. 

The cones were air dried. Each sample was placed in a 2-bushel 
sack immediately after collecting and kept there through the entire 
process of drying. The amount placed in each sack was in no case 
more than 1 bushel, though by the time the cones were fully opened 
the Tolume had about doubled. The drying process, which involved 
daily turning of the sacks, required about six weeks. No rain or snow 
fell in the meantime. The seeds were extracted by first shaking the 
cones violently in an iron tub and then striking each cone separately 
against the side of the tub. They were cleaned by rubbing between 
the hands, and later allowing the wings to blow out by pouring the 
mass slowly from one vessel to another in a light breeze, care being 
exercised to prevent the light, hollow seed shells from blowing out, 
because obviously these should be considered in the germination tests. 

The germination tests ^ were made at Washington by planting 200 
seeds from each sample in a sand flat and subjecting them to a hot- 
house temperature of 60° F. The duration of the test was 52 days, 
during which period counts were made every two or three days. 

The terms ''blackjack'' and ''yellow pine'' will be used in this 
circular to distinguish two forms of the species Pinus ponderosa. 
"Blackjack" is the local name applied to young, vigorous trees 
characterized by a dark, almost black bark. "Yellow pine" is the 
local name applied to the older trees characterized by a yellowish or 
reddish brown bark. Lumbermen generally regard the two forms 
as distinct species, but the only difference is that due to age. 

From Table 1 the following deductions may be made: 

GERMINATION. 

Seed from young trees shows a MgTier germination than seed from old, 
mature, or overmature trees. The 38 blackjacks used in this test 
give a germination of 76 per cent, against 68 per cent for the 60 yellow 
pines. A comparison of 20 trees near CUffs on this Forest in 1908 
gave a germination of 68 per cent for yellow pine, against 80 per cent 
for blackjack. Classifying both blackjack and yellow pine accord- 
ing to age, by decades, the germination per cent is found to fall 
with the increase in years. This decUne is, however, by no means 
regular. For instance, 5 trees 220 years old show an average germi- 
nation of only 50 per cent, wliile 2 trees 390 years old show an aver- 
age of 75 per cent. Dividing all trees, both yellow pine and blackjack, 
into three age classes, namely, below 140 years (8 to 14 inches diam- 
eter breast-high), 140 to 250 years, and 260 to 400 years, the average 
germination per cents are found to be 81, 71, and 63, respectively. 

» Conducted by Mr. N. H. Grubb, Office of Silvlcs. 
(Clr. 196] 



Certain injuries decrease while others in<^ease seed gwaliiy, A com- 
parison of healthy and unhealthy trees shows the following germina- 
tion per cents: Healthy yellow pine, 64; unhealthy yellow pine, 71; 
healthy blackjack, 78; unhealthy blackjack, 61. In classifjdng the 
trees with respect to health, those affected by heart rot, insects, 
mistletoe, dying top, fire scars, and suppression are classed as ^'un- 
healthy,'^ while those showing no indications of disease or injury are 
classed as '^healthy/' These terms mean but Uttle, however, unless 
we inquire into the actual condition of the tree. Grouping the 34 
trees classed as unhealthy according to the nature of the injury, the 
following interesting comparison is derived: 

Table 2. — Comparative quality of seed from healthy and unhealthy trees. 



< 


Healthy. 


Unhealthy. 




Yellow 
pine. 


Black- 
jack. 


Heart 
rot, yel- 
low pine. 


Spike 
top, yel- 
low pine. 


Fire scar, 

yellow 

pine. 


Baric 

beetle, 

yellow 

pine. 


Mistle- 
toe, black- 
jack. 


Germination per cent. . 

Basis trees. - 


64 
28 


78 
34 


67 
10 


79 

7 


79. 
15 


' 37 
3 


61 
3 



Yellow pine affected hy heart rot shows a germination 3 per cent 
higher than that of sound j healthy yellow pine. This difference, based 
upon only 10 trees, is hardly sufficient to establish the conclusion 
that heart rot increases germinative quahty, but at the same time 
tends to show that at least the seed of such trees is not inferior to 
that of sound trees. The smallness of the effect is probably due to 
the fact that the rot works upon the heartwood exclusively and 
does not directly attack the vegetative life of the tree. If the rot 
should become sufficiently advanced to reduce materially the vitality 
of the tree, it is probable that the quahty of the seed would be im- 
paired and the quantity diminished. On the other hand, the fungus 
in its earUer stages may act as a stimulus, as in the case of ''spike 
top'' and fire scars, considered in the paragraphs following. 

Spike tops show a germination 15 per cent higher than that of the 
healthy yellow pine. ' 'Spike top '' is the common term appfied to trees 
with dead leaders, generally caused by some mechanical injury, most 
frequently lightning. The wound is usually followed by a fungous 
attack. The leader dies back from year to year, and as the upper 
branches drop away a straight shaft is left projecting above the 
living portion of the crown. The injuries causing spike top evi- 
dently act as a stimulus upon seed production. This peculiarity — 
apparently nature's provision for the perpetuation of the species — 
ulthough not fully understood, is a matter of common observation. 
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It is in accordance with the same natural law which governs sprout 
growth after a basal bum, and the production of adventitious ^oots 
after an injury on the stems or branches of certain broadleaf trees. 

Yellow pine marked hy fire scars shows a germination 15 per cent 
above that of healthy yellow pine. Fire scars are confined almost 
entirely to the base of the tree. They be^n as a small bum in the 
bark and cambium, but increase in size and depth with recurring 
fires, until finally they sometimes extend 5 feet or more up, and one- 
half or two-thirds through the stem. Trees thus affected generally 
bear no marked signs of reduced vitality except in advanced stages, 
although possibly measurements might show a diminution in growth. 
The direct effects of the bum are a reduction of the water supply of 
the crown of the tree because of the destruction of more or less of 
the water-transporting elements, and at the same time a reduction 
of the food supply of the roots through the destruction of some of 
the elements bringing elaborated food material from the crown to 
the roots. It is evident that the food supply of the roots will suffer 
more than the water supply of the crown, because the elements 
bringing down the food, being nearer the surface, are more readily 
destroyed by the fire. The eventual result will be a reduction of the 
food supply of the entire tree, due to a reduction of the amount of 
water which the tree is able to absorb. In spite of this fact, bums 
appear to stimulate seed production, as does the injury causing 
spike top. 

Mistletoe-infected hladcjadc shows a germination 17 per cent helow 
that of unaffected lilackjack. Although mistletoe stimulates growth 
in the immediate region of the parasite, causing the abnormal devel- 
opment of certain branches, the excess of carbohydrates produced 
by the additional foUage of the mistletoe-stimulated branches is used 
by the parasite itself, so that the final result is a drain upon the tree. 
It seems highly improbable that mistletoe would ever act as a stimulus 
upon seed production, because its action is insidious, slowly sapping 
the vitahty of the tree instead of causing injuries in the nature or 
a shock, as is the case with bums or other mechanical injuries. 

The effect of suppression is not clearly demonstrated. Of the two 
yellow pine included in our data, one has a germination per cent of 
92 and the other only 14.5, the average of the two being 53, or 11 
per cent below that of normal yellow pine. The only blackjack 
tested shows a germination of 90.5 per cent, or 12.5 above that of 
the average healthy blackjack. On account of the great variation 
between the individual trees cited above, it is impossible to predict 
the result of averaging a large number of trees. One would naturally 
expect to find an inferior quality of seed on a suppressed tree, but 
this would vary with the degree and period of suppression. It will 
also be counterbalanced to a certain extent by those factors which 
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tend to better the quality of seed in dense stands, such as more 
favorable conditions for pollination and the moderating effect of 
close crown cover, described in the following paragraph: 

The highest quality of seed is produced in dense stands. The germi- 
nation for open, medium, and dense stands is 70 per cent, 69 per 
cent, and 79 per cent, respectively. The difference between the open 
aiid medium staiids is too small to establish any conclusion one way 
or the other; but the difference in favor of the dense stand is very 
ptoiibiinced. At first thought one might expect to find the highest 
quality of seed in open stands where light conditions are most favor- 
able. There are, however, a number of factors which tend to explain 
why the contrary is true. First, it is obvious that the denser stands 
afford the best conditions for pollination; secondly, the moderating 
effect of a close crown cover upon temperature and evaporation 
would favor seed development, especially in the early stages. Many 
young cones die during the winter and spring, probably as the result 
of the unseasonable freezes and the drying winds which are very 
prevalent. Flowers suffer in the same way. Instrumental observa- 
tions at the Fort Valley station show that the minimum temperatures 
under a fairly close canopy are commonly from 3° to 17® higher, and 
the wind movement and evaporation from 50 to 100 per cent less 
than in the open. 

That the age and condition of the tree apparently have no mate- 
rial effect upon the rate of germination is evinced by the fact that 
the ratio between the germination per cents of different tree classes 
remains practically constant throughout the period of the test. 

YIELD. 

No accurate data with regard to the absolute yield in seed are 
available, but a rough measure of this yield is expressed by the 
production of cones given in the preceding table. It should be 
remembered that, in comparing yields with a view to determining 
the influence of the character of the tree, it is necessary to consider, 
in addition to the condition of soundness and general health, also the 
crown development of each tree, a feature which is determined 
largely by the density of the stand. Moreover, it is to be taken for 
granted that, other things being equal, the yield will increase with 
age until a certain age limit is reached. An exact study of the 
factors influencing both germination and yield is much more com- 
plicated than one in which germination alone is considered. Since 
this study was undertaken with the primary object of determining 
the conditions affecting germination, the data on yield are incom- 
plete; nevertheless it is worth while to make a few comparisons based 
upon the data available, making due allowance for the evident inac- 
curacies in the results. 
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A comparison of yellow pine and llacTcjack shows an average yield 
of L8 hushels of cones per tree for {he former and 1 hushdfor the latter. 
This difference is attributable mainly to a difference in the size of 
the trees, the yellow pines on account of their greater age b^ng on 
the average much larger than the blackjacks. A comparison of the 
classes with respect to the amount of seed produced by a pound of 
dry cones gives 1.3 ounces for the yellow pine against 1.7 ounces for 
the blackjack. It therefore appears that, although the younger 
trees yield less cones, when the amount of seed produced by a given 
quantity of qpnes and the vitaUty of the seed are considered, these 
trees are better seed producers for their size than the older trees. 
In comparing the two age groups from 140 to 250 years and from 
260 to 400 years we find, as in the case of the blackjack and yellow 
pine, a considerably greater yield of cones for the older trees. The 
amount of seed produced by a pound of cones is, however, the same 
for both groups. The difference of cone production is much less 
pronounced between these two age groups than between the black- 
jack and yellow pine, because many of the trees included in the 
lower-age class have passed befyond the blackjack stage. Practically 
no data are available on trees below 140 years, since the trees were not 
felled, and only a small number of cones were picked from each tree. 

A comparison of the healthy and unhealthy yellow pine shows only 
a slight difference in cone production. There appears a pronounced 
difference between the healthy and unhealthy blackjack, but, since 
we have accurate data for only two unliealthy blackjacks, this com- 
parison is not conclusive. Furthermore, as in the case of germination ; 
a comparison of healthy and unhealthy trees is of little significance 
unless we consider the nature of the injury in the unhealthy trees. 

A comparison of the trees classed as unhealthy, considering the 
nature of the disease or injury, is shown in Table 3. 

Table 3. — Comparative yield of cones from healthy and unhealthy trees. 





Healthy. 


Unliealthy. 




Yellow 
pine. 


Black- 
jack. 


Spike top, 

yellow 

pine. 


Fire scar, 

yellow 

pine. 


Heart rot, 

yellow 

pine. 


Bark 
beetle^ 
yellow 

pine. 


Sup- 
pressed, 
4 yellow 
pine, 1 
blftck- 
jack. 


Yield of cones per tree.bash^. . 
Basis trees . . 


1.8 

27 


1 
14 


0.9 

6 


2.1 
15 


2.1 
10 


1.1 
3 


0.4 
4 



Although the yellow pines affected by heart rot show a yield of 
0.3 bushel more than the healthy trees of this class, the diflference is 
probably due mainly to the fact that the trees affected by heart rot 
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are usually old and consequently of large size. The average diam- 
eter of the healthy yellow pine in this study is only 23 inches, against 
27 inches for those affected by heart rot. It is probable that, as in 
the case of germination, the rot ordinarily has no material effect. 

Spike tops show a yield only one-halj as great as that given for healthy 
yeUov) pines. This is probably due to a reduction in the size of the 
living crown. The living branches of spike tops are frequently 
heavily laden with cones, and it is probable that the injury causing 
the death of the top acts as a stimulus upon cone production, as 
upon the vitality of the seeds. 

The influence oj hasal hums upon yield is not JvUy demonstrated. 
The yellow pine bearing fire scars shows an average yield of 0.3 
bushel more than the healthy yellow pine; but a comparison of 
diameters shows that the scarred trees have an average diameter 
of 25 inches against 23 inches for the healthy ones. Whether the 
greater yield is due entirely to the greater size of the burned trees 
or whether the influence of the bums is also a factor, can not be 
determined from the data at hand. 

The yield oj trees sufiering from suppression and oMacks oj harJc 
beetle and mistletoe are aU much helow that of normal trees oj their 
class. While the number of trees in each case is too small to furnish 
reliable data, the results are very significant. 

The yield decreases as the density oj the stand increases. The aver- 
age yield of cones per tree for open, medium, and dense stands are 
1.8, 1.1, and 0.7 bushels, respectively. Tliis difference is undoubtedly 
due mainly to a difference in crown development as influenced by 
growing space. Since western yellow pine is very light demanding, 
the trees growing in close stands have narrow, short crowns, and 
only those branches which are exposed to full or nearly full simlight 
bear any cones whatever. Therefore, although the seed produced 
by a tree in a close stand is of higher quality than that produced in 
the open, as indicated by the germination tests, the total seed- 
producing capacity of a tree in a close stand is much lower. 

APPLICATION OP CONCLUSIONS. 

Blackjacks are the most desirable trees to leave for regeneration 
in cutting. The blackjack has the advantage over the older yellow 
pine in point of seed quality, and also in the rate of growth. A black- 
jack left for a future cutting will increase rapidly in volume, while 
a yellow pine will increase but slowly or even deteriorate. 

In marking for cutting in the yellow-pine type it is the invariable 
practice to leave all healthy blackjacks, and also to leave a suffi- 
cient number of yellow pines to insure a second cut in about 30 to 
50 years. But if a second cut were the only consideration in mark- 
ing there would not always be sufficient provision made for seed 
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trees; because the trees left for a second cut do not have to be very 
evenly distributed over the area. Thus, one quarter section may 
contain an abundance of blackjack and yellow pine suitable to 
leave for a second cut, whereas an adjoining quarter section may 
contain mostly yellow pine which can be cut now, and very few 
seed-bearing blackjacks. Trees below 16 inches in diameter breast- 
high usually bear only small quantities of seed, and hence will not 
figure materially in the seed crop for the next few years. Therefore, 
if inmiediate reproduction is desired, wherever there are not enough 
seed-bearing blackjacks the deficiency must be made up from the 
youngest and best developed yellow pines available, even though 
not needed for a second cut. The number of trees per acre needed 
for seed purposes varies greatly with size and condition; on the 
average, from 3 to 5 yellow pines and about twice as many black- 
jacks (over 16 inches diameter breast-high) are required. 

Spike tops and burned or decayed trees should always be cut, 
unless greatly needed for seed purposes. While such trees usually 
have a high seed-bearing capacity, to leave them standing until a 
second cut can be made involves merchantable deterioration or 
total loss. The risk in the case of light bums is comparatively 
small, but in the case of spike top and decay loss is certain. Since 
in extreme cases, however, it becomes necessary to leave defective 
trees for want of anything better, it is well to know that, unless too 
far gone, such trees can be expected to produce large quantities of 
superior seed for a number of years.* 

Trees infested by mistletoe or bark beetles, even though not 
killed, are of little value for seed, and should be cut as being a menace 
to the forest. (Instructions in regard to the proper disposal of trees 
attacked by bark beetles are given in Bulletin 83, Part I, U. S. 
Department of Agriculture, Bureau of Entomology.) An exception 
to this rule may be permissible in the case of mistletoe, when the 
trees are isolated and when the attack is slight, but not in the case 
of bark-beetle infestation. Further investigations in regard to the 
eflFect of mistletoe and bark beetles are needed. 

Isolated trees are preferable to those in close stands; first, because 
they usually have larger crowns; and second, because they are more 
windfirm. 

For seed collecting, young trees are most desirable from a purely 
technical standpoint on account of the high vitality of their seed; 
but in practice, older trees are preferable on account of their heavier 
yield, and because the seed from such trees can often be collected 
cheaply in connection with logging operations. Such defects as 
spike top, bums, or heart rot are not objectionable; but trees affected 
by insects or mistletoe should be avoided. 

> Records have been established to determlDe how long such trees will persist. 
fClr. 196] 
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UTAH JUNIPER IN CENTRAL ARIZONA. 



PTJBPOSE OF THE STUDY. 

Utah juniper '{Juniperus utahensis) is the most important tree in 
the woodland forest of central Arizona. The woodland forest itself 
is of value chiefly because the scarcity of timber in the region of its 
occurrence brings its products into great demand for fuel, fence 
posts, and other small but important uses. Hitherto it has com- 
monly been known as the woodland type — a misuse of the word 
'Hype" that has frequently led to confusion, since, properly speak- 
ing, the forest is composed of a number of types as distinct as the 
western yellow pine type, the eastern white pine type, or any other 
forest type. In this and other publications of the Forest Service, 
therefore, the term ''woodland forest'' will be used in place of "wood- 
land type.'' 

In making the study of Utah juniper, the results of which are 
given in this circular, the aim was to secure as many data as the 
time allowed for the investigation would permit, on (1) the silvical 
characteristics which most influence reproduction, (2) rate of 
growth, and (3) volume. The study was made in and near the 
Tusayan National Forest, Ariz. While the data gathered are 
insufficient as a basis for final conclusions, they should serve, until 
more detailed information can be had, as a general guide in the 
management of the Utah juniper type. 

DISTBIBXTTIOir. 

Utah juniper is one of the most abundant and generally distributed 
trees from the western foothills of the Wasatch Mountains, in eastern 
Utah, to southeastern California, and throughout northern and cen- 
tral Arizona, western Colorado, and southern Wyoming. It is dis- 
tinctly a tree of the high plateau region bordering the desert, grow- 
ing at altitudes between 4,800 and 7,000 feet, with the best stands 
between 5,500 and 6,500 feet. It attains its best individual devel- 
opment and grows in heaviest stand in Coconino County, Ariz., 
directly west of the railroad from Williams to the Grand Canyon. 

Note. — The work on volume and yield is by Walter MuUord; all other parte are 

by Frank J. FbiiUps, except as otherwise noted. 
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4 UTAH JUNIPER IN CENTKAL ARIZONA. 

CUUATIC BEQUHIEHBNTS. 

Like the other species which go to make up the woodland forests 
of Arizona and New Mexico, Utah juniper grows in regions where 
the average annual rainfall is from 14 to 18 inches, usually nearer 



Fia. 1.— Utah Juniper— leaves, fruit, ami seed. 

the first, with a minimum of from 9 to 10 inches and a maximum 
of ahout 25 inches. Most of this comes in July and August and is 
usually torrential. 

BOTANIOAL 0HAZlA<7FEItIBTIGS.> 

The leaves of Utah juniper are minute, sharp, scale-like, and pale 

yellowish-green; generally without a pit (gland) on the back; mostly 

in alternately opposite pairs, closely overlapping each other in 4 

'FromFaratSerrlceBulletln, ForeatTcceaot the FBdOc Slope, by OeoigeB. Badvortb. 
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rows on the slender, stiff-looking twigs; sometimes in 6 rows with 
three leaves at a point. The leaves of vigorous leading shoots are 
much larger and are keenly pointed, while those of seedlings are 
needle-like. The bark of lai^er twigs which have shed their leaves 
is pale reddish-brown and scaly. Ripe berries, matured in the fall 
of the second year, are covered with a whitish bloom which, when 
rubbed off, exposes a smooth, red-brown, tough skin. They usually 
contain one seed (occasionally two), pointed at the end, promi- 
nently and sharply angled, and marked nearly to the top by what 
appears to be scale-like basal covering (the seed scar), to which the 
thin, sweet pulp is attached. The surface of the berries shows pro- 
jecting points (ends of minute flower scales) . Seed leaves, usually 5 
in number, but ranging from 4 to 6, are pointed. 

SIIiVICAIi CHABACTEItlSTICS. 
SITE REQUIREMENTS AND ASSOCIATED SPECIES. 

In the region studied, pure stands of Utah juniper are found on 
rolling slopes and hills with a very fine adobe soil, thickly studded 
with large malpais (basaltic lava) rocks. Interspersed with the 
trees are many individuals or groups of buckbrush {Covxmia mexi' 
cana), probably indicating the presence of a large amount of lime. 
The ground cover consists of many annuals and perennials, the 
most common a coarse bunch grass. The trees attain their best 
development in the canyons, reaching a diameter of 3 feet and a 
height of from 30 to 35 feet. 

Near the desert pure stands of Utah juniper are usually confined 
to hilltops covered with malpais outcrops, or to adobe valleys where 
there appears to be more than the usual amount of moisture. It 
also grows in the malpais canyons leading out to the desert, ui^ually 
with a few specimens of Moras celtidifolia and Celtis- reticulata and* 
numerous shrubs. On all the more unfavorable sites the limits of 
the stand are sharply defined by surrounding adobe clays of fine 
texture. 

On limestone formations about Grand Canyon, covered with 
shallow soil, Utah juniper is mixed with pinon. Two sample plots 
of one-half acre each showed an average of 68 per cent piiion and 
32 per cent Utah juniper. While this is the condition on the high 
plateau which slopes to the southwest, on that sloping toward the 
east various-sized groups of Utah juniper and pifion are interspersed 
among other groups of western yellow pine and Gambel oak. 

In the region west of Cedar Glade, Utah juniper is found in pure 
stands between approximate elevations of 5,100 and 5,500 feet, but 
from 300 to 800 feet higher up it grows in mixture with single-leaf 
pifion iPinus monopJiylla) . Here, though the latter seems to be 
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confined to sandstone and limestone areas, juniper grows on malpais 
as well. The two species have been found in close mixture elsewhere 
in Arizona, usually with a small amount of Rocky Mountain red 
cedar also present. Near Ash Fork and at Gleed a few specimens of 
alligator juniper were observed in mixture, and at Mount Picacho a 
few New Mexican locusts. The canyons, naturally, present the 
greatest variety of trees and shrubs in mixture with Utah jumper. 
In the canyons about Gleed and Puntenny Quercus dirysolefis is the 
most common of these. 

From the desert to regions of pure western yellow pine, then, the 
character of the stand of Utah juniper may be classified as follows: 

(a) Widely scattered individuals encroaching on the desert. 

(6) Island stands encroaching on the desert, usually on malpais 
outcrops. 

(c) Pure stands over large areas, chiefly on mixed malpais and 
adobe sites. 

(d) In close mixture with pifion {Pinus edulis), or more rarely 
with Pinus monophyUa. 

(e) In groups with pifLon, interspersed with other groups of western 
yellow piae and Qambel oak. 

Near the desert the species gains foothold through reproduction 
beneath the crowns of early scattered trees, i^esulting in even a more 
marked grouping than on better sites. In pure stands the trees 
occur in small, evenly distributed groups, exhibiting wide variation 
in yield, which, however, appears comparatively uniform when 
taken for large areas. The two classes of mixed stands totm transi* 
tional stages between the pure stands of Utah juniper in the Aubfey 
Cliflfs region and the nearly pure stands of western yellow pine in the 
San Francisco Peaks. 

STEM AND CROWN. 

The tendency to fork is more pronounced with Utah juniper than 
with any other prominent species of the woodland forest. Forking 
occurs usually at the surface of the ground, though sometimes at 
from 1 to 2 feet above. Mature trees rarely have a regular leader or 
a clear length of more than 3 or 4 feet. The growth of the entire 
tree is, in fact, exceedingly crooked. 

When young the tree is roughly conical in form, and during middle 
age distinctly globular. In the veteran stage the crown is ragged 
and stag-headed, with many dead twigs at the ends of growinig dioota. 
At middle age the crown is about as broad as long, while in old trees 
the width is slightly greater than the height. 

On exposed sites, such as malpais outcrops and hilltops^, the tree 
shows the effect of prevailing southwest winds by leaning sli^tly ta 
the northeast. The tendency was especially evident in the '^islaad'^ 
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stands between Gleed and Mount Picacho^ and to a less degree on 
hilltops near the Grand Canyon. On poof* sites near Mount Picacho 
the branches were somewhat \ong/dT on the northeast side of the trees 
than to windward^ and the crowns were from 5 to 25 feet broader 
than long. 

ROOT SYSTEM. 

The most marked characteristics of the root system of Utah juniper 
seedlings^ as observed during a study on the malpais site at Gleed, 
are the exceptionally long taproots on even the smallest plants, and 
the presence of mychoriza. The latter seem most abundant from 
1.5 to 10 or more inches below ground, and on seedlings with the 
thriftiest growth. Seedling roots are distinguished by the deep 
maroon color of the inner bark, by the sUght taper of the laterals, and 
by the presence of only a moderate number of root hairs. The 
taproot tends to grow straight down to the rock substratum, at a 
depth of frotn 18 to 36 inches, and when that is reached to turn 
abruptly at right angles. Table 1 shows the length of taproot for 
diSere&t ages and heights of seedlings. 

Table 1. — Length of taproot in seedlings of different ages and heights. 



Age. 


Height. 


Length of 
taprooD. 


Years. 


Inchet. 


Inches. 


1 


1.3 


10.5 


2 


3.3 


15.4 


3 


6.i 


1».4 


4 


9.7 


21.8 


5 


13.2 


23.9 


6 


16.7 


26.0 


7 


116 


26.0 



Onfy one healthy mature tree was observed to hd,ve been uprooted 
by the wind. A number of dead trees, however, had been blown 
down, and these furnished data on the root systems of old trees. 
Though the largest root almost invariably goes straight down to the 
substratum, the root system as a whole is distinctly lateral. The 
roots, usually from three to six in number, vary in diameter from 
4 to 15 inches at their junction with the trunk. On the usual malpais 
formation the root system is seldom more than 2 feet deep, extending 
to the edge of the Crown, or, on exposed sites, to from 10 to 20 feet 
beyond. 

Reproduction. 

Utah jufiiper, Ukd most of the jumpend, is a prolific s^der in open 
stands. The best seed crops are nearly always produced on the poorer 
sites, where the trees are usually loaded with berries, sometimes as 
much as 2 or 3 bushels. On better sites, even in the same locality. 
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only a few trees bear seed, and these rarely more than from 1 to 3 
quarts. Some seed may be secured from one locality or another 
every year, but nowhere does the species fruit at regular intervals. 
Most of the berries are eaten by birds, predatory animals, and rodents. 
In pure stands reproduction occurs chiefly under the crowns of 
large mature trees. Results from typical sample plots of 1 acre 
each are given in Table 2. The figures in the last four columns are 
for seedlings in partial shade. 

Table 2. — ProportUyih of seedlings in open and under partial shade. 



• 


Number 


Nrnnber 
of seed- 










Total. 


seed* 


lines 


Per cent 


Per cent 


Percent 


Percent 


lings in 


under 


on north. 


on south. 


on east. 


on west. 




open. 


partial 
sliade. 










172 


40 


132 


27 


34 


24 


15 


230 


51 


179 


31 


30 


18 


21 



Reproduction under shade on the areas studied was confined very 
largely to a limited zone directly beneath the outer edge of the crown. 
Under trees with a crown radius up to 12 feet, 76 per cent of the 
reproduction occurred in a zone the inner limit of which was 2 feet 
within and the outer limit 1 foot beyond the crown edge. Outside 
of this zone was 13 per cent of the total reproduction, while between 
the inner edge of the zone and the trunk of the tree was 11 per cent. 
Where the tree crowns had an average radius of from 13 to 17 feet, 
81 per cent of the reproduction occurred in a zone with an inner 
Umit 2 feet inside and an outer limit 2 feet beyond the crown edge, 
the greater breadth of zone being probably due to a more irregular 
crown. Outside this zone occurred 12 per cent of the seedlings and 
inside only 7 per cent. 

INJURIES. 



FUNGI AND MISTLETOE.* 

Utah jumper in the vicinity of Gleed is badly affected with rot 
caused by a species of fungus, Fomes {Pyropolyporus) texanus, which 
attacks the heartwood of older living trees, gaining entrance through 
wounds and fire scars. This appears to be worse at the base of the 
tree, and often extends into the roots to a depth of from 1 to 2 feet 
or more beneath the surface. A sample count of 100 trees on a 
hilltop and of another hundred in an arroyo approximately 100 feet 
lower in elevation gave results shown in Table 3. 

1 The greater part of the material under this head is contributed by Dr. George 0. Hedgoock, Office of 
Investigations in Forest Pathology, Bureau of Plant Industry. 



97, Forsrt Sonrice, U. S. Depl. of Agricul 



FiQ. 1.— A Utah Juniper Forkinq a 



Fio, 2— ViRaiN Stand of Utah Juniper. 



FlQ. 3.— iRREQULAftlTV OF UTAH JUNIPER COROWOOD STICKS 



»■ k V- ^ w 

^ V ^ 



»« W •» V u 



 k, ■" w 



- K >- 



»• t VV 



UTAH JUNIPER IN CENTRAL ARIZONA- 
Table 3. — Percentage of trees affected by rot. 



Locality. 



HiU.... 
Arroyo. 



Sound. 



Percent, 
77 



SUght 
butt rot. 



Percent. 
12 
13 



Severe 
butt rot. 



Percent, 
11 

18 



Total 
butt rot. 



Percent. 
23 
31 



The apparent relative soundness on hill sites, though suggestive, 
is based on too little data to be conclusive. 

A species of rust, GymnosporaTigiuin Jcemianum Bethel, attacks 
the young twigs of some trees, causing the formation of dense ' 'witches' 
brooms.'' This stunts the growth of the trees attacked, but rarely 
kills them. A second species, Gymnosporanffium gradlens (Peck) 
Kem and Bethel, attacks the limbs, occasionally forming fusiform 
swellings. The limbs attacked often die, and sometimes the trees 
also. A third species, Gymnosporangium nelsoni Arth., attacks the 
twigs, forming woody, globose galls, sometimes densely aggregated, 
and, when numerous, stunting the trees. A fourth species, Gymno9- 
porangium inconspicuum Kem, attacks the younger twigs between 
the leaves, causing the latter to turn yellow and injuring the trees 
whenever the attack is severe. 

In many localities, especially on poorer soils and exposed slopes 
and ridges, Utah juniper is attacked by the mistletoe Phoradendron 
juniperum Engelm., the seeds of which adhere to the younger twigs, 
upon which they germinate, and the roots penetrate the bark and 
secure a hold in the cambium. After a few years a large dense cluster 
of the mistletoe is formed on the limb, which, deprived of sufficient 
nutriment beyond the point of attack, finally dies. In extreme cases 
as many as 50 mistletoe plants form on a single tree, and by depriv- 
ing so many hmbs of nutrition bring about its death by starvation. 



FIBE. 



Though in seasons of drought severe fires have occurred in the 
woodland forest during March and April, the fire danger is greatest 
in May and June. Surface fires are the most common, but crown 
fires sometimes occur. In a mixed stand near Grand Canyon the 
different species suffered in the following degree, the most affected 
first: 

Pifion Pinus edulis. 

Western yellow pine Pirms ponderosa, 

Utah juniper Juniperus utahensis. 

Gambel oak (Quercus gambdii) suffers nearly as much as pilion of 
equal size, but its excellent sprouting capacity enables it to renew 
the stand. In immediate damage buckbrush (Covxinia mexicana) 
suffered less than the Gambel oak. 

28491*^— Cir. 197—12 2 
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SHEEP AND CATTLE. 



Where grass is plentiful and the range grazed moderately, repro- 
duction suffers Uttle damage from sheep and cattle. But in bad 
years, in fenced private pastures or along traveled routes between 
the summer and winter ranges, the reproduction often suffers, espe- 
cially from sheep. On three sample plots taken near deed the first, 
situated immediately south of a watering place where grazing was 
severe, showed that 93 per cent of the young trees had been injured 
by sheep ; the second, taken 80 rods to the south of the dam, showed 
73.7 per cent injured; and the third, taken about 3 miles northwest 
of Gleed, 53.4 per cent. These counts were made on trees less than 
6 feet tall. With some of these injury had consisted in loss of leaders, 
though this rarely occurs after the tree has reached a height of 3 J 
feet, and usually not after 2i feet. Reproduction protected by brush 
showed far less injury than that in the open. On cut-over areas, 
where brush had been scattered over the seedhngs, only 15 per cent 
showed injury, while in the open 81 per cent had been grazed back. 
These counts included seedlings up to 3 feet tall. 

GBOWTH. 

In the study of growth, which was confined to the malpais forma- 
tion north of Gleed, the problem of age determination was a difficult 
one. Stumps of mature trees, one-half hour after cutting, would 
show seasoning checks, which rapidly increased in number and size 
for an hour or two, and then gradually for the next two days. The 
scanning process also rendered the rings in the heartwood less dis- 
tinct. Chiseling the sawed stumps immediately after felling, mois- 
tening the freshly chiseled surface, and counting the rings as soon as 
possible^ gave the best results. 

Utah juniper presents other difficulties in accurate ring counting. 
In many cases the spring wood and summer wood are defined by two 
distinct lines rather than by the usual zones of tissue of varying 
density. These distinct lines are likely to be false rings, more than 
ordinsoily distinct, and in every case were so regarded. Every tree 
examined showed split ^ rings, which seem to be common to nuiny 
woodland species. Often these divided gradually, the split going 
nearly around the stem; in other cases the split was very abrupt, 
nearly encircling the stem; in still others several splits occurred in 
the same ring; while in a very few cases double splits were found. 

1 From studies made on this species and other more rapidrgrowing ones, it would seem that split rings 
are in mostoas^ doe to tba advanced growth of especially thrifty branches, since on small trees they often 
occur in/mocpi^n in the f^of^ m^ix» asspmi^ifyiiSty br^aclu 
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In order to trace rings for some distance on each side, a segment, 
varying from one-fifth to one-twentieth of the cross-section area, was 
chiseled on all trees, and occasionally ring counts were made on oppo- 
site sides of the tree to serve as a check. 

In seedling analysis, trouble was also given by crescent-shaped 
areas of tissue of slightly darker or lighter shade than normal, which 
give a spiral appearance to the rings as seen in cross section. Dried 
seedlings often gave somewhat better general results than green 
ones, and counts made at the top of the root and within 1 inch from 
the ground were occasionally better than counts at the ground sur- 
face. A complete analysis often required an average age between 
sections one inch or more above and below the desired section rather 
than a determination at the exact point. In all cases the current 
year's growth was determined by leader growth rather than by ring 
counts. Where seedlings occurred in litter one inch or more in depth, 
the start of the growing point was considered to be at the bottom of 
the litter. 

Seedlings were classified into those growing in the open and in 
shade, and those injured by grazing and uninjured. Table 4 gives 
the height. 

Table 4. — Height growth of Utah juniper seedlings. 



Age. 


In the 


open. 


In shade. 


Age. 


In the open. 


In shade. 


Unin- 
jured. 


Ii^ured 

bygrax- 

ing. 


Unin- 
jured. 


Injured 
by graz- 
ing. 


Unin- 
jured. 


Injured 
by graz- 
ing. 


Unin- 
jured. 


Injured 
by graz- 
ing. 


Years. 

1.... 

2.... 

3.-.. 

4.... 

6.... 

6.... 

7.... 

8.... 

9.-.. 
10.... 
11.... 
12.... 
13.... 
14.... 
15.... 
16.... 
17.... 
18.... 


Inches. 

1.3 

3.3 

6.3 

9.7 

13.2 

16.7 

19.8 

22.7 

25.1 

27.2 

29.1 

30.9 

32.2 

33.5 

34.1 

35.7 

36.7 


Inches. 

"s'.h" 

5.7 

8.1 
10.9 
13.8 
17.0 
19.8 
22.2 
24.2 
25.8 
27.4 
28.9 
30.4 
31.9 
33.4 


Inches. 

1.1 

2.4 

3.6 

4.9 

6.3 

7.7 

9.1 

10.6 

12.1 

13.6 

15.2 

16.8 

18.4 

20.0 

21.7 

23.4 

25.1 

26.7 

28.4 

30.0' 


Inches. 

"z.s" 

5.0 

6.1 

7.3 

8.4 

9.3 

10.2 

10.9 

11.6 

12.2 

12.6 

13.0 

13.4 

13.9 

14.4 

14.9 

15.4 


Years. 
21 


Inches. 


Inches. 


Inches. 
31.5 
33.0 
34.5 
36.0 
37.5 
39.0 
40.4 
41.8 
43.2 
44.6 


Inches. 
16.0 
16.7 
17.4 
18.1 
18.8 
19.7 
20.6 
21.5 
22.4 
23.3 
24.2 
25.1 
25.8 
26.6 
27.5 
28.4 
29.4 
30.3 
31.2 
32.0 


22 






23 






24 






25 






26 






27.'. . . . 






28 






29 






30 






31 






32 








33 








34 








35 






• 


36 








37 








38 








19- v.. 






39 








20.... 






40 












 











In selecting large trees for measurement, care was taken to choose 
only those for which all conditions of growth, except light, were as 
far as possible the same. In Table 5 the trees are classified as 
grown in the opea and in partial shade. 
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Table 5. — Growth of Utah juniper in open and under shade. 





Diameter 1 foot 


Height. 




Diameter 1 foot 


tXttX 


... 1 


Age. 


above ground. 


Age. 


above ground. 


ueiKui,. 


Grown 
in 


Grown 

inpar- 

tud 


Grown 
in 


Grown 

inpar- 

tud 


Grown 
in 


Grown 
inpar- 

tua 


Grown 
in 


Grown 

inpar- 

t&l 


• 


open. 


flhade. 


open. 


shade. 




open. 


shade. 


open. 


shade. 


Years. 


Inches. 


Inches. 


Feet. 


Feet. 


Years. 


Inches. 


Inches. 


Feet. 


Feet. 


10 


0.6 


0.40 


2.1 


1.3 


120 


7.95 


6.25 


15.3 


14.2 


20 


1.2 


.85 


3.9 


2.7 


130 


8.6 


6.8 


16.8 


14.8 


30 


1.8 


1.3 


5.7 


4.1 


140 


9.25 


7.3 


16.2 


15.4 


40 


2.45 


1.8 


7.4 


5.4 


150 


9.85 


7.8 


16.6 


16.0 


50 


3.1 


2.3 


9.1 


6.7 


160 


10.4 


8.25 


17.1 


16.5 


60 


3.8 


2.85 


10.5 


8.0 


170 


10.96 


8.66 


17.6 


17.0 


70 


4.5 


3.4 


11.7 


9.2 


180 


11.45 


9.06 


18.0 


17.5 


80 


5.2 


3.96 


12.7 


10.4 


190 


11.95 


9.45 


18.5 


18.0 


90 


5.9 


4.55 


13.5 


11.5 


200 


12.4 


9.85 


18.9 


18.5 


100 


6.6 


5.15 


14.3 


12.3 


210 


12.85 


10.25 


19.4 


18.9 


110 


7.3 


5.7 


14.8 


13.4 













Table 5 shows that the effect of shade on both height and diameter 
growth, but especially the former, was small. This does not mean, 
Biowever, that Utah juniper is tolerant, but rather that the shade of 
the mother tree is scanty. It also brings out clearly the remarkably 
slow growth of the species, which reaches a diameter of only 12.86 
inches and a height of only 19.4 feet in 210 years. 

The great care necessary in the selection of both seedlings and 
mature trees for measurement makes the bases for Tables 4 and 5 
somewhat inadequate. Both tables are^ however, as accurate as 
existing conditions would permit. 

VOLUME. 



CONSTRUCTION AND USE OF VOLUME TABLES. 

Utah juniper's irregular form. makes accurate determination of 
volume exceedingly difficult. Its tendency to divide into two or 
more stems at or near the ground prevents the use of breastheight as 
the point at which to measure diameter. The reference diameter 
selected, therefore, is that outside the bark 1 foot above the mineral 
soil. Even this is not altogether satisfactory, since the irregular 
shape of the butt, often accentuated by irregularities due to root 
swelling and by ridges formed by low branches, makes exact meas- 
urement of the diameter difficult, while, even if accurate measure- 
ment is possible, variation in number and size of stems above the 
point of measurement brings about irregularities in volume between 
trees of the same butt diameter and height. Yet notwithstanding 
these drawbacks, the butt diameter, as that selected will be termed, 
seemed the only possible basis on which to compute volume. 

The forking habit of Utah juniper made it desirable in measuring 
volume to consider each of the larger stems in a several-stemmed 
tree as a separate tree. However, it was necessary to adopt certain 
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arbitrary rules in respect to what constituted a separate stem. To 
be considered as such, it was stipulated that a separate stem of a 
several-stemmed tree must divide from the trunk at some point be- 
tween the mineral soil and 1 foot above it, the latter limit to apply 
to the center of its junction with the trunk, and must have a butt 
diameter of not less than 8 inches. Stems which separated from 
the main trunk below the mineral soil were considered as separate 
trees, no matter what their diameter. Stems which divided from 
the main trunk at a point more than 1 foot above the mineral soil 
and those with a butt diameter of less than 8 inches which separated 
from it within 1 foot of the ground, were considered as parts of the 
larger stems and their volumes not computed separately. A tree 
with two or more stems branching above the mineral soil and within 
4. foot of the ground, all less than 8 inches in diameter, was considered 
as a single tree having a diameter equal to that of the largest stem. 
Any tree with a single stem, however bushy and irregular in form, 
was considered as a single tree. 

In measuring height, the actual length of a leaning tree or separate 
stem was taken, not the vertical distance of its top above the ground. 
Separate stems often diverge at so wide an angle that the top of one 
may be only 6 feet above the groimd, though its actual length is 
10 feet. 

The possibility of error in a comparison of the volume of a single- 
stem tree with that of a separate stem of a forked tree led to the 
preparation of separate volume tables for the two classes. The 
difference between the two tables proved, however, to be both slight 
and irregular, and they were therefore combined into one. 

Accurate volumes in cord wood for Utah juniper are also difficult to 
obtain owing to the great variation in volume between cordwood 
sticks of the same middle diameter. Almost any stick from Utah 
juniper is likely to be exceedingly crooked, as well as irregular in 
cross section, while usually there are so many small branches to be 
triouned that stubs are left on the sticks, which prevent close piling. 

Because of the sources of inaccuracy mentioned, volume tables 
for Utah juniper can at best be only approximate. Applied to single 
or to only a few trees, or in small cordwood sales, there is Ukelihood 
of serious error. Accuracy will increase, however, with the number 
of trees. 

Tables 6 and 7 give volumes for Utah juniper in cubic feet and 
cords, respectively. The measurements on which the tables are 
based were made in two places near Ash Fork, Ariz., on medium 
sites. In applying the tables it will be necessary, of course, to follow 
strictly the methods of classifying stems and of measuring height 
used in their preparation. If, however, a large proportion of the 
trees in a stand divide within 1 foot of the ground into stems, most 
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of which are less than 8 inches in diameter, ihe rule to disregard such 
stems should not hold. Instead, each ol the small stems should be 
considered ae a separate tree and its volume dei^nnined frcon Table 6, 
or dee from Table 9. The first method is quicker, but less accurate, 
since the values obtained will probably be too high. 

In using the volume tables it will be necessary to learn to estimate 
both height and butt diameter, instead of actually measuring them, 
since the inconvenience entailed by doing the latter with a low- 
branching tree Uke the Utah juniper is great. In determining the 
point 1 foot above the ground on a side stem the estimate or measure- 
ment should follow the main stem to the center of the junction and 
then continue out on the fork. 

Although ihe volume tables are for round wood, they will apply 
as well where large sticks are spUt. If nearly all the wood is split, 
the tables will tend to be conservative. 



VOLUME IN CUBIC FEET AND CORDS. 

Volume in cordwood was obtained by dividing the volume in 
cubic feet, computed on the basis of middle diameter outside bark 
and length, of each stick cut from a tree by 62, the average number 
of cubic feet per cord. This converting factor was obtained from 
measurements of approximately 62 cords, in about two-thirds of 
which the larger sticks were split and in the remainder none of the 
sticks. The average number of sticks per cord was, in the first case, 
176 and in the second 141. The average diameter of the sticks was 
about 4 inches. Since the converting factor, 62, is based on average 
size trees, the table, when applied to very small trees, will give values 
too low and trhen applied to very large trees too h%h. The inaccu- 
racies are not great, however, even in the case of a single tree, and 
will tend to offset each other in an estimate of a number of trees. 

Table 6. — Volume of cordwood in stem and broneheSi in eiihicfeei. 



Diauefer 

IfDOt 

abovA 
gnmnd. 


Height in feet. 


Diamat«r 
I foot 
above 

gtound. 


Height in feet. 




10 


15 

1 


20 


10 

 - 


15 


20 


1 


VohuneMUdooDtents in stem 
and branches, cubic feet. 


Vfllnine MUd oonteaMvin ston 
and branches, cubic feet. 


3 
4 

6 
6 
7 
8 
9 
10 
11 

la 

13 


0.2 
.4 
.7 
1.1 
1.5 
2.0 
2.6 
3.3 
4.1 
5.0 
5.9 






JnchUt 
14 
» 
16 
17 
18 
19 
20 
21 
22 

n 


7.0 
8.1 
9.3 


8.6 
lW.Or 
11.4 

lis 

11.4 
16.0 
17.6 
19.4 
21.2 


10.7 
112 
13.8 
15.« 
17.2 
19.1 
21.0 
\ 2SL9 
24.8 
t6.7 






0.8 
1.3 
1.9 
2.6 
3.4 
4S 
5.3 
6.3 
7.4 








1 


2.4 
Z.i 

4.3 
5.4 
6.6 
7.9 
9.3 




1 




r 






• 




1 
1 



1 Based on measurements of 405 trees. 
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Tabla 7.— Folwm^ of Utah juniper j item and brancheVj iVt a&tdivood^ 



15 



Dieaiuter 
Ifoot 
*b6Ve 

ground. 


HMf^tinfeet. 


Diftmdter 

Ifoot 

above 

ground. 


Htfightitifeet. 


10 


15 


20 


10 


15 


20 


Incka. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 


Cfordt. 

0.003 
.006 
.011 
.018 
.024 
.0^ 
.042 
.063 
.066 
.081 
.095 


Chrds. 


Cofdi. 


Inchia. 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 


Cords. 

0.113 
.131 
.150 


Cords. 

0.139 
.161 
.184 
.206 
.232 
.258 
.284 
.313 
.342 


Oords. 
0.173 

.m 

.223 
.250 
.277 
.308 
.339 
.369 
.400 
.430 






0.013 
.021 
.081 
.042 
.055 
.069 
.085 
.102 
.119 






0.039 
.052 
.069 
.087 
.106 
.127 
.150 




" 















1 Basis, 496 trees. 



SUPPLEMENTARY TABLES. 



Since, with Utah juniper, diameters are measured outside the 
bark, it was necessary to find the average width of bark for trees of 
different diameters inside bark 1 foot from the ground. This is 
shown in Table 8. The difference between widths of bark at the 
stump and on the upper stems and branches was found to be negli- 
gible. 

Tablb 8. — Width of hark in Utcdi juniper. 



Diameter 


Average 


inside 


width of 


bark. 


bark. 


Inches. 


Ineh. 


2 


0.2 


3-6 


.3 


6-12 


.4 


1»-21 


.6 



If the Auinber of trees to be estimated is too few for accurate 
results to be gotten from the use of Tables 6 and 7, Table 9 may- 
be useful. It is also useful in determining the volumes of trees with 
many-stems under 8 inches in diameter. 

Table 9. — Volume of cordwood sticks, Utah juniper. 



Middle 






Middle 






diemeter 

outside 

bark 4Lf o6t 


Volume of 
stick. 


Number of 

sticks in 1 

tfitfd. 


diameter 

outside 

bark 4-foot 


Volume of 
stibk. 


Number of 

sticks i&l 

cord. 


sticks. 

1 






Btiek& 


1 




Inches. 


Cord. 




Inchest 


Cotd. 


% 


3 


0.008 


383 


10 


0.036 


2» 


4 


.006 


166 


11 


.043 


23 


5 


.060 


111 


12 


.061 


Vf 


6 


.013 


76 


13 


.050 


^ 17 


7 


.017 


.69 


14 


.060 


14 


B 


.023 


44 


16 


.079 


13 


9 


.028 


35 
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In using the table, count the number of 4-foot sticks in the stem and 
branches and estimate the diameter outside bark of the sticks of 
average size. The diameter of each separate stick need not be esti- 
mated. With large trees the table will be more accurate if the cord- 
wood sticks are divided into large and small ones, and the average 
diameter of each class estimated. In any case, however, the table 
can be used for only a rough estimate of volume, since there is likeli- 
hood of error in estimating the average diameter, which, moreover 
is not an accurate basis on which to compute the average volume of 
the sticks. Since the converting factor of 62 cubic feet of wood per 
cord used in constructing the table is based on the average contents of 
cords containing sticks of all sizes, strictly accurate results will not be 
obtained when, for example, 4-inch sticks are compared with 14-inch 
sticks. However, since the average size of all the cordwood sticks 
cut from a stand of Utah juniper will usually be about the same as 
that of the sticks used in obtaining the ratio, discrepancies will not 
be great. 

Table 10 may serve as a general guide in determining the number of 
cordwood sticks to be obtained from average trees of diflFerent heights 
and diameters. It gives the total number of cordwood sticks in the 
stem and branches above a diameter limit of 2 inches outside the 
bark at the middle of the stick, or of about 1.5 inches outside the bark 
at the small end of the stick. 

Table 10. — Number of cordwood sticks in trees of different diameters and heights, Utah 

juniper.^ 



Dlameter 




Number of 


Diameter 




Number of 


1 foot above 


Height. 


cordwood 


1 foot above 


Height. 


cordwood 


ground. 




sticks. 


ground. 




sticks. 


Inches. 


Feet. 




Inches. 


Feet. 




3 


9.0 


1.0 


15 


17.6 


16.9 


4 


10.0 


1.6 


16 


17.9 


19.1 


5 


10.9 


2.2 


17 


18.3 


21.3 


6 


11.8 


3.1 


18 


18.6 


23.5 


7 


12.7 


4.0 


19 


18.9 


25.8 


8 


13.5 


5.2 


20 


19.2 


28.1 


9 


14.3 


6.4 


21 


19.6 


30.4 


10 


15.0 


7.8 


22 


19.8 


32.7 


11 


15.6 


9.4 


23 


20.1 


35.0 


12 


16.1 


11.1 


24 


20.4 


37.4 


13 


16.6 


13.0 


i 25 


20.6 


39.8 


14 


17.1 


14.9 


' 26 


20.8 


40.2 



1 Based on measurements of 495 trees. 



Table 11 gives the number of round posts, 7 feet long, which could 
have been cut from trees of different diameters in the region studied. 
The small number of posts per tree, especially in the larger trees, is 
strikingly shown. The table is derived from estimates, not from posts 
actually taken out, since all the wood was cut into cordwood. In 
many places, however, the yield of posts from the larger trees would 
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probably be much higher than indicated here. The number of posts 
which can be cut from trees of given sizes varies so in diflferent locaU- 
ties, both because of differences in market requirements and of vari- 
ation in percentage of stems and branches which will make good posts, 
that the table can not be relied upon for locaUties other than those in 
which the data were gathered. 

Table 11. — Utah juniper j yield of posts per tree on the areas studied. 







Average 






yield of poets 




Percentage 


per tree 
(average 


Diameter 


of trees 


1 foot above 


containing 


based only 


ground. 


one or more 


on such trees 




pOHtA. 


as contain 

one or more 

posts). 


Incheg. 


Percent. 




5- 9 


36 


1.1 


10-14 


34 


1.5 


15-19 


31 


1.0 


20-24 


25 


1.0 



The grading of posts is not uniform. The classification used in the 
region studied was: A first-class post must be straight, with a top 
diameter of at least 3^ inches; a second-class post has the same top 
diameter, but may be somewhat cropked; a third-class post must have 
a top diameter of at least 2 inches and must be straight. On this 
basis about 34 per cent of the posts were of class 1 ; 42 per cent of class 
2; and 24 per cent of class 3. 

Table 12 should be of help in estimating the cord wood to be derived 
from stands in which posts are to be cut. To determine this, the 
approximate amount of cordwood removed in the posts should be 
deducted from the total cordwood volume. The result will be the 
amount of cordwood which may be secured in addition to the posts. 
In constructing the table it was assumed that posts are 7 feet long, 
and that 1 cord equals 62 cubic feet. 

^ Tablb 12. — Amount of cordwood removed in posts J Utah juniper. 



Middle diam- 
eter of post 
outside bark. 


Amoimt of 
cordwood 

removed in 
each post. 


Approximate 
number of 
posts to 1 

cord of wood. 


Inches. 
3 
4 

5 
6 

7 
8 


Cord. 
0.006 
.010 
.016 
.022 
.030 
.039 


167 
100 
67 
45 
33 
26 
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In order to obtain an idea of the yield of Utah juniper per acre, 
measurements were made on seven sample plots of 1 acre each, on 
which the species occurred in practically pure stand. The results 
are given in Table 13. 

Table 13. — Number of trees per acre, Utah juniper. 



Diameter 

1 foot above 

ground. 


Number of 
trees per acre. 1 


Inches. 

a<4 

5- 7 

8-10 

11-13 

14-16 

Over 16 

Total... 


14 
38 
31 
23 
15 
9 


120 



1 Nearest whole number. 



Since even the biggest trees of the stand are seldom more than from 
15 to 20 feet high, the diameters may seem on the average surprisingly 
large. This, however, is due to the fact that the reference diameter 
is near the ground, instead of at breastheight. 

The average yield per acre obtained from the seven sample plots 
was 662 cubic feet, or 10.7 cords (no deduction made for poat^). 
The average yield of posts * was 30 of clas» 1, 24 of class 2, and 17 of 
class 3; a total of 71. 

The variability in yield of Utah juniper was well illustrated when, 
in spite of the fact that the sample plots were selected as typical of 
each locality, the cordwood yield varied from 4.4 cords to 27.1 cords, 
and that in posts from 46 to 117. On private lands the average yield 
per acre varies from 8 to 20 cords. From 10 to 14 cords is probably 
a fair average for ^ood stands and 20 cords is considered heavy. 

This variability in yield will in all likelihood make it impossible, 
even with more complete data, to prepare yield tables, based on either 
type or density of stand, suitaUe far use on uncruised areas. A better 
method of estimating the yield of a given area is to estimate the 
heights and diameters of the trees on circular sample plots, or on strips, 
and apply the volume table (Table 9). 

UTILIZATION. 

By far the greater part of the Utah juniper cut is in the form of 
cordwood for local use. This is transported by wagon or on the backs 
of burros. Cutting is done, as a rule, by Mexicans, who prefer the ax 
to the saw, though they are seldom skillful with either. Sometimes 

^ ■■■!■■ I_l ^ '  M ^ _^ 

1 For definition of classes of posts, see page 17. 
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a stick is cut in two from one side only; sometimes from both sides. 
The latter method was found to be the less wasteful, though either 
method wastes much more than the saw. Occasionally a saw is used 
for cutting the sticks into 4-foot lengths after the tree is felled. 

On the National Forest stumps must not exceed 12 inches in height. 
On private lands the height of stumps ranges from 8 to 30 inches. 

MANAGEMENT. 

Adequate reproduction of Utah juniper is usually hard to get. 
What reproduction there is occurs mainly under the edges of tree 
crowns, and because of this, and the fact that it responds readily to an 
increase in light, trees selected for cutting should be those which have 
reproduction beneath them. Cuttings should not ordinarily be 
heavy, and only small openings should be made in the stand. 

Where there is danger of injury from stock, adequate protection 
can jusually be given to young trees by throwing brush over them. 
This should not be so thick, however, as to exclude Ught. The fire 
danger will be increased thereby to some extent, but on the National 
Forests this is not great. 
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CONDITION OF EXPEBIMENTAI CHESTNUT POLES IN THE 
WAEBEN-BUFFALO AND POTTOHEEEPSIE-NEWTON SQITAEE 
LINES AFTEB FIVE AND EIGHT YEAKS' SEBVICE. 



PTJBPOSE OF THE CTBCtTLABw 

Forest Service Bulletin 84, " Preservative Treatment of Poles," 
describes experiments made by the Forest Service concerning the 
effect of the seasoning and preservative treatment of. poles upon 
their durability. This circular, which supplements it, gives the 
results of inspections of two experimental lines five and eight years, 
respectively, after their establishment. 

The two lines, built in cooperation with the American Telephone 
and Telegraph Co., are known as the Warren-Buffalo line and the 
Poughkeepsie-Ne^ton Square line. In the former are 1,164 30- foot 
chestnut poles, set between Warren, Pa., and Dayton, N. Y. ; in the 
latter are 72 30-foot chestnut poles, set near Flanders and Morris 
County Junction in northern New Jersey. 

EXPEBIMEKTAL POLES IN THE WABREN-BUEEALO LINE. 

PREPARATION. 

The experimental poles for the Warren-Buffalo line were cut 

and peeled during 1902 and 1903, and delivered at stations near 

Thomdale, Pa., and Dover, N. J., where they were placed in single 

tiers on skids about 2 feet above the ground to season. In Juno and 

July, 1905, some were butt treated with various preservatives by the 

brush method, and others with coal-tar creosote by the open-tank 

method. The following extract from Forest Service Circular 104, 

" Brush and Tank Pole Treatments," by Carl G. Crawford, describes 

the two methods of treatment : 

Brush treatment. — It Is generally conceded that the portion of a pole most 
subject to decay is that between 2 and 8 feet from the butt — about 20 square 
feet. This part fails when the remainder is still in a good state of preserva- 
tion. It was therefore selected for treatment/ When the pole is set the 
treated portion extends 2 feet above and 4 feet below the surface of the ground. 
From one to three coats were applied, according to directions received from 
the manufacturer. Most of the preservatives were heated to a temperature of 



^It is believed at the present time that more satisfactory results will be secured by 
treating the entire bntt to a height of from 1 to 2 feet above the ground line. 
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from 150° to 175° F. Particular Attention was paid to filling all checks and 
knot boles and to. working the preservatlye into the wood, thus protecting 
Against decay those parts most subiject to Attack. OaiBf nl notes were made of 
the condition of the poles as regards checks, knot holes, etc. The amount of 
preservative absorbed by each pole was accurately determined by recording the 
weight of the preservative before and after each treatment. The temperature 
of the preservative both before and after the treatment was also noted and 
recorded. In addition holes were bored into different parts of the treated por- 
tions of the poles, and the depth to which the preservative penetrated was 
closely observed. 

Open-tank treatment, — Creosote was poured into the tank until the poles 
were covered for a distance of about 8 feet from the butt, and was then 
heated to a temperature above the boiling point of water. This temperature 
was maintained until the air in the wood had been expanded and the water in 
the outer layel's vaporized, and both, so far as possible, driven out. *   
The preservative was then allowed to cool, thus producing a partial vacuum 
by the contraction of the air and the condensation of the steam remaining in 
the wood. The poles remained in the cooling^ liquid while the preservative, 
under atmospheric pressure, was forced into the wood. The entire time con- 
sumed by each treatment was about 24 hours, during which the temperature of 
the preservative was above the boiling point of water for 8 or 9 hours. 

  * Each pole was weighed before being put into the tank and again 
immediately upon being taken out. In this manner the amount of preserva- 
tive absorbed was determined. No account could be taken of the amount of 
moisture driven out of the wood during the time the preservative was heated 
above the boiling point of water, and therefore the amount actually absorbed 
may be slightly greater than appeared from the weights. However, since the 
seasoned poles were practically air dry the determinations are probably very 
nearly correct. In the case of the green poles, on the other hand, it is probable 
that the actual absorption was considerably greater than that shown. 

The preservatives used, method of application, and absorption 
secured are given in Table 1.^ 

PLACEMENT IN LINE. 

• 

Six hundred and thirteen treated poles, together with 651 un- 
treated seasoned and green poles, were placed during August and 
September, 1905, in the line of the American Telephone & Telegraph 
Co., between Warren, Pa., and Buffalo, N. Y. This line extends at 
times along roadsides, and at others through cultivated fields, wood- 
lots, and meadows, giving a variety of soil conditions. Table 2 shows 
the plan for setting the poles. Owing to difficulties in delivering the 
poles along the line, about 30 per cent were set with no definite plan. 
The number of poles of each kind is given in Table 3. 

iThe analyses of the preservatives used are given In the appendix to Bulletin 84. 



CONDITION OF EXPERIMENTAL CHESTNUT POLES. 



Ta«:^ L — Method of treatment of poles set in Warren-Buffalo line. 



Conditkm when 


PreservatiYe used, sold as— 


Method of treat- 
ment. 


Absorption secured per i>ole. 


set.i 


Average. 


Maximum. 


Minininm. 


Green 




Untreated. 


Pwmda, 


Pwndi, 


Pounds. 


8«»sonwi . . . 




do 




'" 1 


Do 


Coal tar 


Brush, Icoat 




* 




Do 


rnpoHn 




3.39 
7.60 
2.42 
5.43 
3.55 
4.38 
1.98 
4.52 
7.77 
22.41 
15.20 


4.13 

10.63 

3.63 

6.63 

6.13 

6.63 

2.25 

6.63 

11.75 

44.0 

39.0 


2.88 


Do 


do. 


Brush, 2 coats... 
Brush, Icoat.... 
Brush, 2 coats... 

Brush, Icoat 

Brush, 2 coats... 

Brush, Icoat 

Brusn, 2 coats... 
do 


5.5 


Do 


Wood creosote 


1.75 


Do 


do 


8.25 


Do 


8, P, F. cw^i«Hn«nin. , 


1.38 


Do 


do 


8.0 


Do 


Avenarius carbolineum 

do ; 


1.13 


Do 


2.5 


Do 


Coal-tar creosote 


4.13 


Do 


do 


Open-tank 

do 


8.0 


Green 


do 


4.0 











1 Describes also the condition at the time the treatment was applied. 
Table 2. — Plan of setting exferlmental poles in Warren-Buffalo line. 



No. of 
pole. 


« 

Condition when set. 


Preservative used, sold as— 


Method of 
treatment. 


1 


Seasoned 


A venarfl1^s carboliiimim ..... 


Brush. 


2 


do 




Untreated. 


3 


do 


A v«Tiarhis CRrboliTieiiTn . . . . . 


Brush. 


4 


Green 




Untreated. 


6 


Seasoned 


8. P^ F^ Oftrbolinemn 


Brush. 


6 


do ; 




Untreated. 


7 


do 


8- p^ FTOrArholinfiiiin. 


Brush. 


8 


Green 




Untreated. 


9 


Seasoned 


Coal-tar creosote 


Brush. 


10 


do 


• 


Untreated. 


11 


do 


Coal-tar creosote 


Brush. 


12 


Green 




Untreated. 


13 


Seasoned 


Coal-tar creosote 


Open-tank. 
Untreated. 


14 


do 




15 


do 


Coal-tar creosote 


Open-tank. 
Untreated. 


16 


Green 




17 


Seasoned. . : 


Wood creosote 


Brush. 


18 


do 




Untreated. 


19 


do 


Wood creosote 


Brush. 


20 


Green 




Untreated. 


21 


Seasoned 


Coal-tar creosote 


Open-tank. 
Untreated. 


22 


: do 




23 


do 


Coal-tar creosote 


Open-tank. 
Untreated. 


24 


Green 




25 


Seasoned 


OlWillTl.. 


Brush. 


26 


do 




Untreated. 


27 


do 


Cmnlin 


Brush. 


28 


Green 




Untreated. 


29 


Seasoned 


Coal tar 


Brush. 


30 


do 




Untreated. 


31 


do 


Coal tar ^ . 


Brush. 


32 


Green 




Untreated. 


33 


do 


Coal-tar creosote 


Open- tank. 
Untreated. 


34 


Seasoned 






/ 







The above series was repeated 24 times, series No. 2 beginning with 
pole No. 35, series No. 3 with pole No. 69, etc. 
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Table 8. — Condition of experimental poles in Warren-Buffalo line after five 

years* service. 



• 


Description of poles. 


Condition of poles at or near 
ground line. 


C!ondition 
when set. 


Preservative used, 
sold as— 

• 


Method of treat- 
ment. 


Number 
of poles. 


Affected with 
decay. 


Average 

loss in cir- 

cumferenoe 

atgroimd 

Hne. 


Green 




Untreated 

do 


194 

357 

48 

16 

63 

21 

49 

10 

67 

8 

66 

83 

29 

153 


Number. 

194 

355 

47 

16 

44 

20 

12 

3 

9 

2 

9 

12 



1 


Percent. 

100.0 
09.4 
98.0 

100.0 
69.8 
95.2 
24.0 
30.0 
13.4 
25.0 
13.6 
14.5 
.0 
.65 


Inches. 
1.16 


Seasoned 




1.01 


Do 


Goal tar 


Brush— Icoat... 
do 


.95 


Do 


Creolin 


.89 


Do 


do 


Bnish— 2coats.. 
Brush— Icoat... 
Brush— 2 coats.. 
Brush— Icoat... 
Brush— 2 coats.. 
Brush— Icoat... 
Brush— 2 coats.. 
do 


.42 


Do 


Wood creosote 


.43 


Do 


do 


.06 


Do 

Do 


8. P. F. carbolineum 

do 


.10 
.04 


Do 

Do 


A venarius carboUneum .... 
do 


.27 
.04 


Do 


Coal-tar creosote 


.02 


Green 


do 


Open tank 

..... do. 


.0 


Beasoned 


do 


Negligible. 









METHOD OF INSPECTION. 

Five years after placement the poles were inspected by representa- 
tives of the American Telephone & Telegraph Co., the Bureau of 
Entomology, and the Forest Service.^ The method of inspection was 
as follows: 

After the soil was removed from the base of each pole to a depth 
of from 6 inches to 1 foot the circumference was measured at or close 
to the ground line. Since this measurement was made to determine 
the original circumference of the pole, which, unfortunately, had not 
been measured when the poles were set, the proper point at which to 
take the measurement was carefully selected. If loss by decay im- 
paired the accuracy of the measurement, proper allowance was made 
in the figures recorded. 

After the first measurement the pole was carefully examined with 
hatchet and prod for decay or insect injury. Decayed portions of 
the poles, if of any extent, were removed with the hatchet, and a 
second measurement of circumference was then made at the point of 
greatest decay. This was usually found to be at or near the point 
selected for the first measurement. Poles which api^eared to be 
unaffected by decay, but which rang hollow when struck with a 
hatchet, were bored to determine how far decay had actually pro- 
gressed. After inspection creosoted plugs were driven into the holes 
and the soil which had been removed from about the poles was 
replaced. 

* The members of the Inspection party werfe : Mr. R. F. Hosford and Mr. C. E. Taylor, 
American Telephone & Telegraph Co. ; Mr. T. E. Snyder, Bureau of Entomology, U. S. 
Department of Agriculture: and Mr. C. P. WInslow, Forest Service. Mr. Hosford and 
Mr. Snyder were present at the inspection of only some of the poles. 
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COMPUTATION OF DATA. 

The per cent of each class of poles affected with decay at or near 
the ground line and the average loss of circunrferenoe at that point 
were computed. In most cases the latter could be determined by 
averaging for all poles in the class the differences between the two 
circumference measurements for each pole. Often, however, the 
extent and position of the decayed area were such that the two 
measurements showed no appreciable difference. In other cases 
decay in the treated zone was confined to cant-hook or other mechan- 
ical scars. For a fair comparison, therefore, it was necessary to make 
allowance for such conditions, and the following procedure was car- 
ried out : 

(1) Where decay at or near the ground line was so situated that 
the measurements of circumference with and without the decayed 
portions showed little or no difference, an appropriate loss of circum- 
ference was assumed. This assumed loss was determined by the 
amount and situation of the decay according to tables of the Ameri- 
can Telephone & Telegraph Company. 

(2) For every pole showing signs of decay at the ground line a 
loss of circumference of one-eighth inch or more was recorded. 

(3) In one set of computations those poles which showed decay 
due only to mechanical injury were considered as sound. The results, 
liowever, were so similar to those obtained when all poles which 
showed decay at the ground line were considered that only the latter 
ones are given. 

CONDITION OP EXPERIMENTAL POLES. 

Table 3 gives, for each class of poles, the per cent affected with 
decay and the average loss in circumference at the ground line. 
Figure 1 presents the same data in graphic form. The more signifi- 
cant results are summarized on page 12. For a proper* valuation of 
these results the following points should be noted : 

The comparatively small number of poles treated with only one 
coat of some of the preservatives renders the results in their case less 
conclusive than where two coats were used. 

Analyses made by the American Telephone & Telegraph Co. of 
two samples of creolin showed a water content, respectively, of 20 
and 90 per cent. So great a variation in composition must detract, 
of course, from the value of the test, so far as this preservative is 
concerned. 

Aside from decay at the ground line, the condition of the experi- 
mental poles at the time of inspection was good. Many were slightly 
affected with sap rot in portions not influenced by soil moisture, and 
from some the outer fibers were peeling off. These trivial defects, 
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however, were not influenced by the preservative. Decay in the 
treated zone rarely extended more than 6 inches above the ground 
line. Occasionally some was found in hollow knots above this point. 
Poles thus affected, however, are not included among those classed as 
showing decay. Insect damage to poles is discussed on page 13.^ 

EXPEBIMENTAL POLES IN THE PGTJGHKEEPSIE-NEWTON SQUABE 

LINE. 

The results from this experimental line are not as conclusive as 
those from the one just described. Only 72 poles were placed, and 
records showing the details of their preparation and treatment are 
not available. Table 4 gives the number of poles of each class and 
their average loss of circumference at the ground line. Figure 2 
shows the same data in graphic form. 

The poles were inspected in July, 1910, approximately eight years 
after placement.^ In general the method of inspection was the same 



OESCRPTION 


OF CXPCMMENT 




PPESCRVATIVC USED 


METHOD 

TREATNO 
MATERIAL 


CHARACTOt 

GROUND 
WHERE SET 




SOLO AS 






UraREATEO 
BRUSH 

m 

CHARRCO 


SAND 

SANDY UDAM 

SAttfTLOAH 

II M 






• 1 II 










sPRmrc 

A/ENARUS CARBOUCUM 


' 








I.I • 













Q5 ID 15 8X> 

A/ERAGC LOSS M QRCUMFERCNCC AT GROUND UNE~INCHE8 

Fig. 2. — Condition of experimental poles in Poughkeepsle-Newton Square line 8 years after 

placement. 

as that for the Warren-Buffalo line, except that the decayed portions 
near the ground line were first removed after which three circumfer- 
ence measurements were made, one 5 feet above the ground line, one 
6 inches above, and one 6 inches below. To compute the average loss 
in circumference at the ground line the average taper per linear foot 
was obtained by dividing the difference between the circumference 5 
feet above the ground line and that 6 inches above by 4.6, and the 
result added to the difference between the circumference 6 inches 
above the ground line and that 6 inches below. 

1 Notes on damage by insects to the poles In this and the Poughkeepsie-Newton Square 
line are given in Bureau of Entomology Bulletin 94, Part I, " Damage to Cnestnut Telephone 
and Telegraph Poles by Wood-Boring Insects," by T. B. Snyder. Further information 
regarding damage to poles by insects is contained in Bureau of Entomology Circular 134, 
" Damage to Telephone and Telegraph Poles by Wood-Boring Insects," by the same author. 

•The inspection was made by Messrs. R. F. Hosford, F. O. Mackey, A. W. May, and 
H. G. Spohr for the American Telephone & Telegraph Company, Mr. T. E. Snyder for the 
Bureau of Entomology, United States Department of Agriculture, and Mr. H. F. Weiss 
for the Forest Service. 



12 



CONDITION OP EXPERIMENTAL CHESTNUT POLES. 



Table 4. — Description of poles set in the Poughkeepsie-Netoton Square line and 
their average loss in circumference at ground line after eight years' service. 



Total 
number 
of poles. 


Preservative used, sold as— 


Method of treating. 


Character of ground in 
which set. 


Average 
loss in 
circum- 
ference at 
ground 
line. 


10 




Untreated 


Sand 


Inches. 
2.27 


28 




do 


Sandy loam 


1.87 


8 




do •- 


Crushed stone 


1.77 


11 


Spirittine 


Brush 


Bandy lAATTi 


1.68 


10 


Avenarius carbolineum 


do 


do 


1.63 


5 




Charred 


do 


0.71 













SUMMABY OF RESULTS OF INSPECTION OF EXPERIMENTAL POLES. 



POLES IN WARREN-BUFFALO LINE. 

(1) Both the green and seasoned poles butt-treated with coal-tar 
creosote by the open-tank process showed practically no decay at or 
near the ground line. 

(2) The poles brush treated with two coats of coal-tar creosote, 
and preservatives sold as Avenarius carbolineum, S. P. F. car- 
bolineum, and wood creosote, showed but little difference in the ex- 
tent of decay. Their average loss of circumference was 0.02, 0.04, 
0.04, and 0.06 inch, and the per cent affected with decay 14.5, 13.6, 
13.4, and 24.0, respectively. The condition of these poles was next 
best to that of those treated with coal-tar creosote in the open tank. 

(3) The poles brusH treated, Respectively, with 'one coat of pre- 
servatives sold as S. P. F. carbolineum and Avenarius carbolineum 
showed a much greater loss of circumference at the ground line than 
those treated with two coats of these preservatives. The average 
losses of circumference were 0.10 inch and 0.27 inch, and the per cent 
affected with decay 30 and 25, respectively. 

(4) The poles brush treated with two coats of preservative sold 
as creolin and those similarly treated with one coat of preservative 
sold as wood creosote showed but slight difference in loss of circum- 
ference at the ground line, the average loss being 0.42 and 0.43 inch, 
and the per cent affected with decay 69.8 and 95.2, respectively. 

(5) The poles brush treated, respectively, with one coat of pre- 
servatives sold as creolin and coal tar, showed a loss of circumference 
at the ground line of 0.89 and 0.95 inch, and a per cent affected with 
decay of 100 and 98, respectively. The loss with these poles was 
nearly as great as with the untreated. 

(6) The untreated poles were practically all more or less affected 
with decay at the ground line, the average loss of circumference for 
those seasoned prior to placement being 1.01 inches, and for those 
placed green 1.16 inches. That two of those seasoned prior to place- 
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ment showed no decay at or near the ground line is possibly due to 
the fact that they were both set on a hillside or slope where the 
drainage was excellent. *One of them was set in broken stone and 
rock. 

(7) The reference in Bureau of Entomology Bulletin 94, Part I, 
pages 9-10, to insect damage to poles in this line is as follows : 

All these treatments, except the brush treatments with ereolln and tar, were 
efficient In preventing the attacks of wood-boring insects, at least for a five- 
year period, in this northern climate. There was but little damage by insects 
to the poles in this test line. The most common injury to the untreated poles 
was by the large black carpenter ants which widen the longitudinal weather- 
ing checks, and hence induce more rapid decay. The work of the chestnut 
telephone-pole borer was found in several poles, and this beetle was evidently 
just beginning to attack these poles. 

POLES IN POUGHKEEPSIE-NEWTON SQUARE LINE. 

(1) The untreated poles set in crushed stone showed less decay at 
the ground line than similar poles set in sand, the average loss of 
circumference at that point being 1.77 inches and 2.27 inches, re- 
spectively. 

(2) The poles with charred butts showed less decay at the ground 
line than similar uncharred and untreated poles set in either crushed 
stone or sand, their average loss in circumference at the ground being 
only 0.71 inch. 
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QUANTin AND QUALITY OF CREOSOTE FOUND IN 
TWO TREATED PILES AFTER LONG SERVICE. 



INTBODTTCTION. 

This circular gives the results of analyses of the quantity and 
quality of creosote found in two treated piles ^ after long service. 
The piles were of pine (probably longleaf), and had been in the 
teredo-infested waters of the Gulf of Mexico for about 30 years. One 
was perfectly sound, but the other had been attacked, particularly at 
the water line. The analyses were made to determine whether the 
difference in their durability could be accounted for by a difference 
in the amount or character of creosote in the wood. 

The piles had been treated by the old Bethel! process, but no treat- 
ing records are available, nor is it known where the creosote was 
obtained. 

DESCBIPTION OF SPECIMENS. 

PUe No. 1. — This pile, said to have been in service 30 years, was 
perfectly preserved, showing no indications of decay nor of attack by 
teredo. The portion above water was badly checked. It was received 
in three sections: Section 1, taken from above the water line; section 
2, taken from near the mud line; section 3, taken from the lower end 
of the pile in the mud. 

PUe No. 2. — This pile, which had been creosoted and placed in the 
Biloxi Bay trestle in 1879, and removed in July, 1910, had been 
attacked by teredo, especially near the water line. Only a portion of 
the whole pole, approximately 6 feet long, extending 3 feet above 
and 3 feet below the water line, was received. This will be con- 
sidered as three sections: Section 1, above the water line; section 2, 
at the water line ; section 3, below the water line. 

Plate I, figure 1, shows radial views of the three sections of pile 
No. 1. It brings out clearly the depth of penetration of the creosote. 
Plate I, figure 2, shows three cross sections of pile No. 2. The work 
of the teredo, it will be noted, is in the treated wood. 



1 Shipped to Forest Products Laboratory by Mr. J. B. Lindsey, superintendent, West 
Pascagoula Creosoting Works, Gautier, Miss., in July, 1910. 
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4 OBEOSOTE IN TREATED PILES AFTER LONG SERVICE. 

EXAMINATION FOB THE QUANTITY OF CREOSOTE PRESENT. 

Samples from the several portions of the piles were taken by bor- 
ings distributed over the entire cross section. A weighed portion 
of the average samples from each section thus obtained was treated 
with chloroform ; and the loss in weight after treatment and drying 
was determined. The loss includes all the creosote, all the rosin, and 
all the moisture. The extracted material was then treated with a 
sodium carbonate solution, and the dissolved rosin was recovered by 
precipitating it with acid. Moisture determinations were made on 
separate portions of the original sample. Then the amount of rosin 
and moisture was subtracted from the total of creosote, rosin, and 
water. The result was calculated in pounds^of creosote per cubic foot 
of wood. Measurements of the relative proportions of the treated 
and untreated area of each cross section were then made. From these 
measurements and the previous calculations estimates were made of 
the quantity of creosote in the treated portion only. Th€ results 
obtained are given in Table 1. 

Table 1. — Quantity of creosote in two piles. 







Amount of creosote 






found pet cnbic loot. 


PUe 


Section 








No. 


No. 


Entire 


Treated 






cross- bu- 


portion 






tton. 


only. 






Pounds. 


Pounds. 


1 


1 


2.6 


4.5 


1 


2 


10.7 


15.3 


1 


3 


12.0 


17.1 


2 


1 


10.4 


17.0 


2 


2 


5.8 


16.5 


2 


3 


11.5 


17.9 



In the case of pile No. 2 the amount of creosote in the entire cross 
section at the water line (sec. 2) is only about half of that in either 
of the other two sections ; but when calculated for the treated portion 
only it is nearly the same» This difference is due to the loss of a 
great portion of the creosoted wood in this section, making the pro- 
portion of untreated to treated wood much higher than in the other 
two cases. The proportion of the treated area in the three sections 
of this pile as received at the laboratory was : Section 1, 61 per cent 
treated ; secti(Mi 2, 35 per cent treated ; section 3, 64 per cent treated. 

ANALYSIS OF EZTBACTED OILS. 

To determine the quality of the creosote, the oil was extracted from 
a large volume of chips by chloroform. The resulting extract was 
then freed from rosin by the use of sodium carbonate, and from 
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chloroform by distillation. The residual creosote was then analyzed 
according to the method described in Forest Service Circulars 112 
and 191. The results of these analyses are given in Tables 2 and 3. 

Table 2. — Resvlta of fractional distillation and index of refraction determina- 

tiona of creosote extracted from pile No. 1. 





Percentage weight of distillate. 


Average 


Tempera- 
ture. 








index of 
refraction 










Section 1. 


Section 2. 


Section 3. 


of 2 and 3. 


• C. 
205 
215 
225 
235 


2.0 
\ 8.2 




2.5, 
2.0 
26.3 
8.5 




2.7 

15.5 

r 12.0 






1.5922 


245 


1 3.1 


2.5 


1.5920 


255 


} 13.7 


/ 2.1 


2.0 


1.5921 


265 


\ 2.6 


1.9 


1.5939 


275 


6.6 


2.4 


2.5 


1.5961 


285 


5.0 


3.2 


3.3 


1.6041 


295 


6.2 


4.1 


3.5 


1.6123 


305 


6.0 


4.8 


4.3 


1.6203 


320 


10.5 


8.6 


7.9 


1.6310 


Itesidoe. 


41.6 


38.4 


32.3 







Tabus 3. — Results of fractional distillation and index of refraction determi/nO' 

tions of creosote extracted from pile No, 2. 



Tempera- 
tuie. 


Percentage weigkt of distillate. 


Average 

index of 

refraction 

of 2 and 3. 


Section 1. 


Section 2. 


Sections. 


235 
245 
255 
265 
275 
285 
295 
305 
Residue. 


4.0 
1.8 
1.6 
2.1 
2.1 
3.0 
2.4 
1.0 
81.2 


4.6 


6.0 

3.4 

I 3.2 

8.9 

9.2 
3.1 


1.5795 
1,5825 
1.5842 

1.5872 

1.59C5 
1.5997 




J 

4.2 

2.2 

2.6 

85.8 


64.4 







None of the sections contained an appreciable amount of light oils. 
The creosote from section 3 of pile No. 1, in wh:ch presumably less 
change in the character of the oil had occurred, contained 2.5 per cent 
of oils distilling below 205°. The same creosote contained over 40 
per cent of naphthalene oils (distilling between 205° and 255° C). 
The other two sections of the same pile also contained considerable 
quantities^ of naphthalene. 

The distillation of the creosote from pile No. 2 gave a very small 
percentage of distillate (below 305° C.) and a large amount of resi- 
due. The oil from section 3 (below the water line) of this pile, which 
yielded the largest amount of distillate, contained only 12.6 per cent 
of oils volatile below 255° C, and little or no naphthalene. 

Sulphonation tests carried out on the fraction from 285° to 305° C. 
and 305° to 320° C. of the creosote from pile No. 1 failed to give any 
sulphonation residue. This oil resembles an imported creosote oil 
and is probably a pure coal-tar product. The index of refraction 
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values of the fraotions above 296° C. are a little low, but this could 
easily be due to the presence of a small amount of rosin which had 
escaped separation before the oil was analyzed. The color, odor, 
and character of the fraction were like those of coal-tar creosote. 

Sulphonation tests on the portions 285° to 305° C. of the creosote 
from pile No. 2 yielded a sulphonation residue of 2.6 per cent. The 
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Fig. 1. — Fractional distillation curves, pile No. 1. 



index of refraction values, as well as the color and odor, of this oil 
resemble those of water-gas-tar creosote. 

CHANGE IN COMPOSITION OF THE CREOSOTE BY EXPOSUBE. 

Inspection of Table 2 indicates that whatever loss of creosote 
occurred in the several sections through leaching and volatilization 
while the piles were in use must have occurred in the lighter frac- 
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tions. If we assume that no change has occurred in the creosote 
extracted from section 3 of pile No. 1 (the portion buried in the mud) 
and that no change has occurred in the higher boiling fractions of 
the oil from the other two sections of this pile, the loss of oil in 
sections 1 and 2 may be computed as follows : 

The fractions above 275° C. and residue for section 3 amounts to 51.3 
per cent of the total ; the same portion of the creosote extracted from 
section 2 amounts to 59.1 per cent. If the oil from section 3 is nm- 
changed, as assumed above, the original volume of the oil in section 2 
can readily be obtained by the proportion 59.1 :a?=51.3: 100, or 
i»=115 per cent. That is, the creosote extracted from section 2 is 
the residual of an oil that was originally 15 per cent greater in 
volume. By a similar computation it is found that the creosote 
extracted from section 1 is the residual of a creosote originally 35 
per cent greater in volume. 

The change in composition of the creosote from sections 1 and 2 
is shown more fuUy in Table 4, in which th^ fractional distillation 
is computed on the basis of percentage of what is assumed to be 
the original oil. 

Table 4. — Fractional distillation of creosote extracted from pile No, 1; in per^ 

centage of assumed original oil. 





Peroeatage weight of distillate. 


Tempera- 
ture. 










• 


Section 3. 


Section 2. 


Section 1. 


•c. 








225 


30.8 


15.8 


1.5 


245 


11.0 


13.1 


6.1 


275 


6.4 


6.2 


15.0 


320 


19.0 


18.0 


20.5 


Residue. 


32.3 


33.4 


30.8 



Table 4 shows that the loss of creosote in that portion of the pile 
in the water as compared with the loss from the portion buried in 
the mud was confined to the fraction distilling below 225° C. and 
that the loss from the portion in the air occurred only in the frac- 
tions below 245° C. The small excess of distillate between 225° and 
245° C. in the creosote from section 2 over that for the same fraction 
from section 3 may be accounted for by the effect which the absence 
of some of the lower boiling constituents at the lower stages of the 
distillation produce upon the fractionation of the distillate. The 
same explanation will account for part of the relatively large excess 
in the distillate between 245° and 275° C. of the oil from section 3. 

Allowing for the losses as computed above, sections 1 and 2 of this 
pile originally had 6.1 and 17.6 pounds, respectively, of creosote per 
cubic foot of the treated portions. Section 2 thus agrees very well 
with section 3 (see Table 1). But the figure for section 1 is so much 
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at variance with the figures for sections 2 and 3 that this section 
probably lost creosote in such a maimer as to leave the composition 
of the residual oil unchanged, as by " bleeding." The original volume 
of oil must therefore have been more than 35 per cent greater than 
the present. 

Similar changes occurred in pile No. 2, except that in this case 
section 2, which is the portion at the water line, changed most. This 
may be due to its position, where it was subject to the influences both 
of sun and water; and also to the fact that, being riddled by the 
teredo, more opportunity was afforded for leaching of the creosote. 

STTHMABY. 

Practically no light oils (oils distilling below 205° C.) were found 
in the piles after their long period of service. If originally present, 
they were lost by volatilization and leaching. 

The creosote in the pile which was perfectly preserved contained 
originally at least 40 per cent of naphthalene fractions, a large por- 
tion of which remained in the wood. The creosote in tiie pile, which 
was less perfectly preserved, contained little or no naphthalene. 

The pitchy matter, which on distillation formed the residue above 
320° C. (pile No. 2), is seemingly of an inert character and little 
objectionable to the teredo. A heavy treatment with creosote con- 
sisting largely of this material did not entirely save the pile from 
aii'aciv. 

Loss of oil from that portion of the pile in the water, in the case 
of the creosote in pile No. 1, which is a pure coal-tar creosote, appar- 
ently occurred only in the fraction distilling below 225° C. 

Approved : 

James Wilson, 

Secretary of Agriculture, 

o 
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THE ABSORPTION OF CREOSOTE BY THE CELL 

WALLS OF WOOD. 



EFFECT OF ABSORPTION BY CELL WALLS. 

The location of the creosote absorbed by wood in preservative 
treatment has much to do with the mechanical properties of the 
treated material. If the cell walls do not absorb creosote, wood 
properly treated should not suflfer a decrease in strength, provided 
no chemical reaction takes place. If, on the other hand, the cell walls 
do absorb creosote, then a weakening eflfect, similar to that produced 
by moisture in the wood, may be expected. 

PAST AND PRESENT INVESTIGATIONS. 

Microscopic examinations of creosoted wood made by the Forest 
Service in the past led to the belief that creosote did not enter the 
cell walls. Later experiments, however, apparently showed this 
supposition to be incorrect. Creosote oil, seen in a mass, appears of 
a dark or almost black color, but in a thin layer is transparent and 
almost colorless. Failure to see it in a section of wood mounted for 
microscopical examination, therefore, is no proof of its absence, 
and evidence must be sought for by other methods. 

It is well known that the volume of wood varies with the amount 
of moisture present, increasing with the absorption of water by the 
cell walls, and shrinking with drying.* It is therefore reasonable to 
suppose that if creosote is absorbed by the cell walls an effect analo- 
gous to that produced by the absorption of water will occur. 

Measurements' made at the Yale Forest School Laboratory on test 
specimens before and after soaking in creosote (Table 1, p. 6) indi- 
cated a sUght but unmistakable swelling in the specimens thus treated. 
The results of another series having a similar purpose, but differing 
materially in the methods employed, made recently at the Forest 
Products Laboratory, are given in this circular. 



1 It is the water absorbed by the cell walls which causes swelling, not the free water in the cells, since 
after the fiber saturation point is reached water is still absorbed as free water, but no further swelling occurs. 
See Forest Service Circular 108, pages 8, 13 and 14. 

s By Harry D. Tlemann, of the Forest Service. 
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4 ABSOBPTION OF CREOSOTE BY CEUJ WALLS OF WOOD. 

METHODS OF TEST. 

In these tests a number of pieces approximately 2 by f by J inch 
were prepared from yew (Taxus) and eastern hemlock (Tsuga cana- 
densis). The pieces were dried in an oven at 212° F. for 24 hours, 
then placed in a desiccator and weighed when cold to the nearest 0.001 
gram, after which they were coated with paraffin and again weighed 
in air and also under water. 

The weight of each piece under water was corrected by subtracting 
the weight (under water) of the paraffin on the piece.* The volume 
of each piece was found by subtracting its weight under water (cor- 
rected) from its weight in air, the weight of the water displaced, in 
grams, being numerically equal to the volume in cubic centimeters. 

The pieces were treated with creosote for 1 J hours at 180° F. and 
150 pounds pressure per square inch. The creosote was then heated 
to 220° F., and the pieces allowed to remain in it at this temperature 
for 5 hours, after which they were cooled in the oil. The amount of 
water in the creosote was not determined, but was probably less than 
0.5 per cent. 

When the oil had reached room temperature (about 75° F.) the 
pieces were removed, the surplus oil on the surface was carefully 
wiped off, and the pieces were again weighed in air and in water and 
their volumes determined as described before. The paraffin applied 
to the pieces before treatment was dissolved dining the treatment. 
It was not necessary to coat the treated pieces with paraJBEin because 
the creosote made them sufficiently waterproof. 

TREATMENTS WITH CKEOSOTE FEEE FROM WATEB. 

Since there was a trace of water in the creosote used, a second test 
was made with creosote from which the water had been removed. 
About 1 hter of creosote containing 0.2 per cent water was allowed 
to stand over 1 pound of fused calcium chloride for 24 hours. Both 
the creosote and calcium chloride were well shaken at intervals. At 
the end of this period the oil was filtered. 

In this test hard maple, dried for 24 hours at 102° C, was used. 
The pieces, of approximately the same size as those used in the pre- 
vious test, were placed in an 8-ounce bottle, B (fig. 1), the bottle 
and also the tube, (7, being filled with the water-free creosote. #A 
second 4-ounce bottle. A, was filled to a depth of one-half inch with 

1 The weight of the paraffin was determined as follows: Let P— weight in air of paraffin on piece (in 
grams), and p=» weight imder water of paraffin on piece (in grams) . Then p=" P— weight of water displaced. 

Also specific gravity- ^^^^^ ^^ ^^^^^ displaced "Q-^* Or, weight of water displaced- -3;^ • Hence, 
p-P— Q-89--P-1.12P- -0.12P. 
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mercury, and the remaining spa^e with water-free creosote. The 
glass tube, C, connecting the two bottles, dipped one-fourth inch 
beneath the surface of the mercury in the 4r-ounce bottle. A second 
open glass tube, D, led from the 4-ounce bottle to the outside. 

This apparatus was placed in the treating cyhnder, and a pressure 
of 250 pounds at a temperature of from 150° F. to 200° F. was apphed 
for 1 hour. A gradually rising temperature was maintained through- 
out the treatment in order to guard against outside oil being drawn 
into the apparatus. The mer- 
cury seal was provided as an 
additional precaution against 
anythii^ but mercury being 
drawn into the 8-ounce bottle 
B. With this apparatus, the 
outside pressure medium might 
have been creosote or any other 
liqmd, but the pieces could have 
been treated only with the cre- 
osote which had been placed in 
the bottle. 

The volumes of the hard- 
maple pieces before and after 
treatment with the water-free 
creosote were determined as de- 
scribed for yew and hemlock. 

hesttiiTS of tests. 

Table 1 gives the measure- 
ment3 made at the Yale Labo- 
ratory on one specimen each of 
spruce, chestnut, longleaf pine, 
loblolly pine, and white oak. 
Table 2 gives results of the tests 

on yew and hemlock, and Table ^o- 1-— Arrangement ot apparatus 
3 of those on hard inaple. n™" "^ •«. ■., >«. m 

The average increases in volume resulting from the treatments of 
the three species in per cent of the volumes before treatment were: 

per cent. 

Yew, heartwood 6. 81 

Yew, sapwood 10.70 

Hemlock, heartwood 7.30 

Hard maple, heartwood 8. 14 

It is thus seen that a decided swelling takes place in wood impreg- 
nated with creosote. This swelling, the tests indicate, is caused by 
the absorption of the creosote by the cell walls 
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ABSORPTION OF CREOSOTE BY CELL WALLS OF WOOD. 
Table 1. — Swelling of wood due to absorption of creosote.^ 



Measurements. 



Dec. 5, 1908r 

Weight grams. . 

Radial dimension inches. . 

Tangential dimension do... 

Dec. 7, 1908: 

Weight grams. . 

Radial dimension inches. . 

Swelling per cent. . 

Tangential dimension . ., inches. . 

Swdling .' per cent. . 

Dec. 14, 1908: 

Weight grams. . 

Radial dimension inches. . 

Swelling per cent. . 

Tangential dimension inches. . 

Swelling per cent. . 

Apr. 10, 1909: 

Weight grams. . 

Radial dimension inches. . 

Swelling v i)er cent. . 

Tangential dimension inches. . 

Swelling per cent. . 

Sept. 9, 1909: 

Weight grams.. 

Radial dimension mches. . 

Swelling per cent. . 

Tangential dimension inches. . 

Swelling per cent. . 

Sept. 10, 1909 (after heating 100* C. five hours and 
cooling in vacuum) : 

Weight grams. . 

Radial dimension inches. . 

Swelling •pet cent. . 

Tangential dimension inches. . 

Swelling per cent. . 



Species. 



Spruce. 



7.400 
1.989 
1.966 

12.500 

1.989 



1.968 

.150 

14.000 
1.991 

.100 
1.968 

.150 

18.800 

1.993 

.200 

2.004 

1.980 

18.850 

2.007 

.900 

2.000 

1.780 



19.100 

2.008 

.950 

2.002 

1.880 



Chest- 
nut. 



8.240 
1.976 
1.952 

12.650 
1.979 

.150 
1.956 

.200 

13.580 
1.980 

.200 
1.956 

.200 

17.400 

1.991 

.760 

1.989 

1.900 

17.500 

1.993 

.860 

1.902 

2.050 



17.700 
1.997 
1.060 
2.000 
2.460 



Longleaf 
pine. 



9.290 
1.973 
1.470 

10.550 
1.975 

.100 
1.473 

.200 

10.970 
1.976 

.150 
1.473 

.200 

13.900 
1.995 
1.110 
1.491 
1.430 

14.050 
2.001 
1.420 
1.496 
1.770 



14.150 
2.006 
1.670 
1.501 
2.110 



LobloUy 
pine. 



7.010 
1.985 
1.479 

11.500 
1.988 

.150 
1.481 

.140 

12. 170 
1.988 

.150 
1.481 

.140 

15.200 

2.002 

.860 

1.496 

1.160 

15.200 

2.003 

.910 

1.499 

1.350 



15.300 
2.006 
1.060 
1.503 
1.620 



White 
oak. 



9.540 

1.967 
1.466 

10.680 
1.968 

.050 
1.467 

.070 

10.980 
1.968 

.050 
1.469 

.200 

12.750 
1.995 
1.420 
1.501 
2.390 

13.100 
1.999 
1.630 
1.507 
2.800 



13.300 
2.011 
2.240 
1.526 
4.100 



1 The disks measured were cut from thoroughly air-dry wood (used in preference to oven-dry wood 
to avoid any possible subsequent absorption of moisture from the air) and were pliaced in a quart pre- 
serving Jar containing creosote emd sealed so that no additional dampness could enter. The creosote had 
previously been dried, and only partially filled the jar. The disks were 0.126 inch thick when placed in 
the jar Dec. 5, 1908. They were kept at about 17** C. imtil finally heated to 100* C. for about 5 hours with 
the cover of the Jar loose, then cooled under seal so as to be in partial vacuum. 



ABSORPTION OF CREOSOTE BY CELL WALLS OF WOOD. 7 

Table 2. — Weights and volumes of yew and hemlock test pieces before and after treatment. 



Species. 


No. 


Oven- 
dry 
weight 

piece. 


Weight 

paraf- 
fin. 


Cor- 
rected 
weight 
of piece 
in water. 


Weight 
after 
treat- 
ment. 


Absorp- 
tion of 
creosote. 


Weight 
in water 
after 
treat- 
ment. 


Vol- 
ume 
before 
treat- 
ment. 


Vol- 
ume 

after 
treat- 
ment. 


In- 
crease 
in 
vol- 
ume. 


In- 
crease 
in 
vol- 
ume. 


Yew, heart* 


1 
2 
3 
4 
6 
7 
8 


Qrams. 
2.288 
2.047 
1.808 
2.147 
1.666 
2.179 
1.728 


Oram. 

0.034 
.065 
.044 
.064 
.108 
.084 
.101 


Grams. 
-1.573 
-1.385 
-1.289 
-1. 483 
-1.041 
-1.319 
-1.044 


Orams. 
5.087 
4.562 
3.845 
4.840 
3.645 
4.682 
3.822 


Oram 
per c. cA 
0.725 
.733 
.657 
.742 
.732 
.715 
.755 


Oram. 
0.812 
.705 
.359 
.747 
.548 
.751 
.580 


c.c. 

3.861 

3.432 

3.097 

3.630 

2.707 

3.499 

2.773 


c. e. 

4.102 

3.644 

3.308 

3.862 

2.899' 

3.732 

3.004 


c.c. 

0.241 
.212 
.211 
.232 
.192 
.233 
.231 


Perct. 
6.24 
6.18 
6.82 
6.30 
7.11 
6.67 
8.33 


Average 




















6.81 




9 
10 






















Yew, sap 


.967 
1.140 


.063 
.113 


- .749 

- .775 


2.405 
2.720 


.837 
.825 


.307 
.385 


1.717 
1.915 


1.913 
2.107 


.196 
.192 


11.4 
10.0 


Average 




















10.7 




11 
12 
13 
14 






















Hemlock, heart.. 


1.158 
1.330 
1.481 
1.373 


.109 
.092 
.104 
.112 


-1.036 
-1. 487 
-1.419 
-1.849 


2.844 
3.616 
3.750 
4.102 


.769 
.812 
.782 
.847 


.273 
.344 
.302 
.284 


2.194 
2.817 
2.901 
3.223 


2.357 
3.009 
3.130 
3.452 


.163 
.192 
.229 
.229 


7.44 
6.75 
7.90 
7.12 


Average 












« 








7.30 



























1 Based on volume of wood before treatment. ' Piece No. 6 was lost during the tests. 

Table 3. — Weights and volumes of maple test pieces before and after treatment. 



Species. 


No. 

1 
2 
3 
4 
5 
6 
7 
8 


Oven- 
dry 
weight 

piece. 


Weight 

paraf- 
fin. 


Cor- 
rected 
weight 
of piece 
in water. 


Weight 
afier 
treat- 
ment. 


Absorp- 
tion of 
creosote. 


Weight 
in water 
after 
treat- 
ment. 


Vol- 
ume 
before 
treat- 
ment. 


Vol- 
ume 
after 
treat- 
ment. 


In- 
crease 
in 
vol- 
ume. 


In- 
crease 
in 
vol- 
ume. 


Maple, heart 


Qrams. 
2.434 
2.470 
2.050 
2.145 
2.044 
2.141 
2.381 
2.310 


Oram. 

0.127 
.160 
.143 
.140 
.130 
.102 
.107 
.135 


Orams. 
-1.112 
-1.160 
- .982 
-1.009 
-1.024 
-1. 102 
-1.164 
-1.138 


Orams. 
4.095 
4.307 
3.608 
3.755 
3.588 
3.800 
4.168 
4.057 


Oram 
perc.c.^ 
0.456 
.506 
.514 
.510 
.503 
.512 
.504 
.507 


Oram. 

0.148 
.370 
.291 
.338 
.279 
.324 
.336 
.350 


c.c. 
3.646 
3.630 
3.032 
3.154 
3.068 
3.243 
3.545 
3.448 


c.c. 

3.947 

3.937 

3.317 

3.417 

3.309 

3.476 

3.832 

3.707 


c.c. 
0.301 
.307 
.285 
.263 
.241 
.233 
.287 
.259 


Perct. 
8.26 
8.46 
9.45 
8.34 
7.86 
7.18 
8.10 
7.50 


Average 




















8.14 



























1 Based on volume of wood before treatment. 
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EMORY OAK IN SOUTHERN ARIZONA. 



Emory oak {Quercus emoryi) forms one of the most important 
types of the open woodland forest of the Southwest, and is the most 
common oak in the mountains of southern New Mexico and Arizona. 
It affords protection to watersheds, and has high value for fuel in 
a region where wood is scarce. .Also, there is a possibility that 
its bark, which is fairly rich in tannin, may become a source of tannic 
acid for the Southwest. 

RANGE AND OCCXJHItENCE. 

The east and west range of Emory oak is from western Texas to 
the western slopes of the Pajarito Mountains, Ariz.; from north 
to south it occurs from the south-central portion of Arizona (south 
of the Colorado Plateau) to the south-central part of the Province 
of Chihuahua, Mexico. In Texas it grows on most of the mountain 
ranges west of the Pecos River, and is especially abundant in the 
canyons and on the southern slopes of the Limpio and Chisos Moun- 
tains. Its best development in the United States is probably in 
the Garces National Forest, in southern Arizona, where it furnishes 
at least half of the timber supply. Here it is valued for fuel more 
than any other native oak. 

CLIMATE. 

The climate typical of the region within which Emory oak grows 
is that of the mountains along the Mexican border, where the two 
rainy seasons are from November to March, inclusive, and from 
July to September. At the base of the foothills the average annual 
precipitation is approximately from 11 to 12 inches; but in the 
mountains it may be as much as 25 inches for a series of years, or 
even more in exceptional years. 

The winter rains, which are very irregular, originate on the Pacific 
coast, and are usually preceded by easterly winds. They are not 
as torrential as the summer rains, which originate in the Tropics. 
From these the precipitation comes mainly during the afternoon or 
evening in the form of heavy local thunderstorms, which occur 
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4 EMOBY OAK IN SOUTHEKN ABIZONA. 

daily for periods of a week or more at a time, starting usually about 
the end of the first week in July. While these storms furnish most 
of the soil water for tree growth, the evaporation, at low altitudes, 
is much greater than the precipitation. 

In the whole region there is but little tree growth in the .winter 
rainy season, only moderate growth in the spring dry season, much 
growth in the summer rainy season, and slight growth in the late 
dry season. 

SOIL AND MOISTT7BE. 

Emory oak so adapts itself to conditions of soil and moisture 
that it is able to grow on a variety of sites, though it does best in 
deep alluvial soils with abundant water. In the best sites in the 
broad valleys the soil may be 20 feet deep and have a constant 
supply of underground water within reach of the roots. In the 
narrow valleys and on the slope bases and bench lands the soil may 
vary, on the best sites, from 3 to 15 feet in depth, with moderately 
good soil-moisture conditions, and, in the best situations, some peri- 
odic surface flow of water. On the slopes the site has a very decided 
influence on growth, and there is marked advantage to the trees in 
the deeper soils of the lower slopes and in the greater moisture of 
north and east slopes. 

ASSOCIATED SPECIES. 

In broad, open valleys the commonest associates of Emory oak 
are mesquite (Prosopis juliflora velutina), acacia (Acacia greggii), and 
desert willow (ChUopsis linearis), though on the most moist situations 
there will be ash (Fraxinus vdutina), sycamore (JPlaUmus wrightii), 
and willow (Sqlix taxifolia). Although scarcely ever found in the 
bottoms of the valleys, blue oak (Quercus ohlongifolia) is an intimate 
associate on the bases of the slopes that border these valleys. 

In the narrow valleys, on slope bases, and on benches the stand 
may be pure or mixed with any one or all of the following species: 
Arizona white oak (Quercus arizonica), white-leaf oak (Quercus 
hypoleuca), Chihuahua pine (Pinus chihvuTmana) , and alligator 
juniper (Juniperus pa^hypJdcBa) . Even when all are present Emory 
oak usually predominates. 

Since slope stands are transitional, they present the greatest 
diversity of associated species. Arizona white oak and white- 
leaved oak are the commonest associates on north and east slopes; 
on south and west slopes, blue oak, mountain mahogany (Cerco- 
carpus parvifolius) , cliff rose, manzanita (Arbutus xalapensis), and 
numerous shrubs. At elevations of from 6,000 to 7,000 feet there 
is a considerable mixture of Mexican pifLon (Pinus cembroides). 



Fig. 1.— Neablv Pore Thicket Stand of Emory Oak Transitional Between 
Broao Valley and Bench Type, with Good Slope Stand in Background] 
Southwest of Mowry Mine, Patagonia Mountains. 



A North Slope; 
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CHABACTEBISTICS OF THE TBEE. 

FORM. 

Emory oak varies in form and size and character of stand more 
than any other oaks in its range, according to its situation; its 
leaf and bark forms, however, are fairly constant. This silvical 
variation is very pronounced in the extreme forms, although the 
gradation between types may be very slight. In a general way 
there are characteristic bottom stands and slope stands, as exem- 
plified in the Garces National Forest, and these may be subdivided 
according to location. For the bottom stands there are: (1) Those 
of the broad open valleys at elevations of from 3,500 to 4,500 feet; 
(2) those in narrower valleys at from 4,500 to 5,500 feet; and (3) 
those on slope bases and bench lands at elevations of from 3,800 
to 5,500 feet. There are two subdivisions of the slope stands: 
(1) Those on north and east slopes at elevations of from 5,000 to 
7,000 feet and (2) those on south and west slopes at from 5,000 
to 7,000 feet. 

In the broad, open valleys the tree reaches its maximum devel- 
opment, with breast-high diameters of from 2 to 3 feet and a total 
height of from 60 to 70 feet. Indeed, some of the trees in these 
situations are 3^ or 4 feet in diameter and 80 feet tall.^ In these 
large trees the clear length may be from 10 to 30 feet. The shape 
of the crown varies according to the age of the tree, bemg a tall 
and regular oblong in the younger veterans and a broad, flat oval in 
the old ones. One strong characteristic is the flat plane in which the 
leaves and twigs grow on the branches. This peculiar growth is not 
particularly noticeable in standing trees, but shows very plainly in 
one that has been felled. 

In the narrow valleys the trees are much smaller, with a breast-high 
diameter of from 6 to 8 inches and a height of 20 or 30 feet, though 
occasionally they may be from 12 to 18 inches in diameter and ais 
much as 40 feet high. Here the clear length varies from 1 to 15 
feet, and the crown is a narrow oblong, with a tendency, however, 
toward the oval in the older trees. Not only do the leaves and 
twigs grow in horizontal planes, even more markedly than in the 
trees of the broad valleys, but the branches themselves are nearly 
at right angles with the stem. 

In the slope stands the individual trees are shorter and have a 
wider crown in proportion to their height. The stands on the north 
and east slopes are from two to three times as dense as those on 
south and west slopes. 

1 Dr. Edgar Alexander Meams states, in Bulletin 56, U. S. National Museum, "Mammals of the Mex- 
ican Boundary of the United States," that he has seen trees in the neighborhood of the Garoes National 
Forest which are about 100 feet high. 
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FOLIAGE. 

Although usually considered an evei^reen, like the live oaks, 
there may be times during the year when Emory oak is leafless. 
Old trees are rarely without some leaves, but younger ones, up to 
15 or 20 feet tall, may be bare for two or three weeks before the 
new leaves appear, and, in dry seasons, even for a month or two. 
During normal seasons Emory oak leafs in late April or early May, 
but, in an abnormally dry year, may not leaf until Jime or early 
July. There is a current opinion that all the old leaves are shed 
just before the new crop appears; as a matter of fact trees begin 
to shed their leaves in the fall, and continue to do so throughout the 
winter and early spring. 

ROOT SYSTEM. 

Just as the form of the tree above ground is determined largely by the 
site, so is the root system. The best developed roots are on the large 
trees of the broad valleys, where the soil is deep, porous,, and moder- 
ately moist. They have well-developed tap roots and numerous 
laterals within the first 2 feet beneath the surface. The laterals, like 
the branches above, spread out in distinct planes, and at varying 
distances from the stem, have sublaterals that go down at right angles 
from 3 to 10 feet. The laterals that are close to the surface serve 
two purposes: First, they secure proper aeration when the ground 
is saturated; and, second, they are needed to anchor such large- 
crowned trees. The tree has an overdeveloped, or hypertrophied, 
root collar, because the present survivors are not of seedling growth. 
Even with trees of undoubted seedling origin, repeated killing back, 
either by fire, browsing animals, or frost and drought, make the final 
trunk the survivor of many sprouts or sets of sprouts. 

Other marked characteristics of the root system are the intense 
red color of the inner bark, the small proportion of root branching, 
except near the root tips, and the strong development of mycorrhiza. 

GROWTH. 

It is comparatively easy to determine the growth of Emory oak, 
because its annual rings are more distinct than those of other black 
oaks of the region and much plainer than those of the white oaks. 
Generally there is an abrupt formation of the large thick-walled 
vessels in spring, though on poor sites, or as the result of abnormal 
seasons, the annual character of the rings may not be readily deter- 
mined. Sometimes, as in seasons of more than one distinct growth 
period, with a time of comparative vegetative rpst between, there wiU 
be false rings, though these are rare. 

Even on the same site growth may vary with individual trees or 
groups of trees, and slightly better soil-moisture conditions in iso- 
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lated patches will enable some trees to put on their leaves in a dry- 
season during late April or early May, while most of the trees are leaf- 
less until June or July. This may result in a broad ring on the favored 
trees, while the rest of the stand can make only a narrow one, 

A peculiar growth characterized thousands of acres in the Canelo 
Hills, where an inch of rain in early June was not followed by any 
precipitation for a month. Emory oak and Arizona white oak devel- 
oped leaves, which were not more than from 1 to 2 cm. (0.4 to 0.8 
inch) long. When the unusual rainy season started in July the June 
leaves failed to develop further, which indicated that the meristem 
tissue had lost its function, though the leaves seemed normal in all 
other respects. New leaves of normal size were formed, and these, 
at the end of the growing season, were from 10 to 20 times as large as 
the leaves formed in June. StiU another indication of the adapta- 
bility of the species to changes in growth conditions is the appearance 
of new leaves and shoots as late as the first of September. 

Sprouts in the vaUey stands were measured for height and diameter 
growtt, and the results of these measurements are given in Table 1. 
"Injury sprouts" are those which are the results of accidental 
harm, such as would come through grazing or fire. The stump 
sprouts are, of course, those which spring from the stump of a felled 
tree. 

Table 1. — Height and diameter growth of sprouts in valley stands. 



Age. 


Height. 


Diameter, 1 


brpAst liigli. 


Injury 
sprouts. 


Stump 
sprouts. 


Injury- 
sprouts. 


Stump 
sprouts. 


Years. 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 

go 

95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 


Feet. 
4.5 
8.7 
12.4 
15.7 
18.7 
21.3 
23.5 
25.5 
27.5 
29.2 
30.7 
32.2 
33.5 
34.7 
35.9 
37.1 
38.2 
39.3 
40.3 
41.9 
42.4 
43.4 
44.4 
45.3 
46.3 
47.3 
48.3 
49.3 
60.3 
51.3 


Feet. 
8.3 
14.5 
17.8 
20.1 
22.1 
23.8 

125.4 


Inches. 

0.85 

1.70 

2.60 

3.50 

4.55 

5.65 

6.80 

7.90 

9.05 

10.20 

11.25 

12.30 

13.30 

14.30 

15.30 

16.20 

17.10 

17.95 

18.80 

19.60 

20.35 

21.15 

21.85 

22. GO 

23.30 

24.00 

24.75 

25.50 

26.30 


Inches. 
1.20 
2.95 
4.65 
6.15 
7.45 
8.65 
19.85 

































































































1 No stumps were older than 35 years. 
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Table 1 shows that the height growth is slow and the diameter 
growth fairly rapid, and that, at the start, the growth of stump 
sprouts is better than that of injury sprouts. Yet, at 35 years, 
the rate of height growth of the injury sprouts is 2.2 feet in 5 years 
as against only 1.6 feet for those from the stump; and the rate of 
diameter growth of injury sprouts for the same period is 1.15 inches 
and only 1 inch for the stump sprouts. This difference is probably 
attributable to the fact that the injury stools are younger, and 
therefore more vigorous. At the same time it must be understood 
that the larger number of sprouts from a stump will more than 
compensate in actual volume of wood production for a greater 
growth of the individual injury sprouts. Moreover, the stump 
sprouts tend to have a greater clear length than the injury sprouts. 

In order to secure an exact idea of the effect of elevation on growth 
measurements were taken at intervals of 100 feet on a northeast 
slope, the summit of which was 350 feet above the valley, with an 
absolute elevation of 5,800 feet. That increase in elevation results in 
decreased growth is shown in Table 2. The differences in growth 
may be ascribed primarily to differences in soil depth, soil moisture, 
and protection from wind, all of these influences being more favorable 
at the bases of the slopes. 

Table 2. — Influence of elevation on height and diameter growth in slope stands. 



Altitude. 


Average 
age. 


Average 
height. 


Average 

diameter, 

breast 

high. 


Average 
yearly 
height 

growth. 


Average 

yearly 

diameter 

growth. 


Feet. 
5,550 
6,650 
6,750 


Years. 
10.6 
15.7 
18.8 


Feet. 
8.03 
7.70 
7.05 


Jnehes. 
1.17 
1.09 
1.03 


Foot. 
0.758 
.427 
.376 


Inch. 
0.110 
.070 
.056 



REPRODUCTION. 

Although Emory oak produces seed abundantly, and much of this 
seed germinates to furnish the original seedlings from which subse- 
quent sprouts develop, reproduction is due almost entirely to sprout 
growth. Coppice growth is evident everywhere, but even where this 
is only one straight stem, as in the broad valleys, careful examina- 
tion will reveal its sprout origin. In fact, diligent search for a dis- 
tinctly seedling growth failed to disclose a single example. While 
more actual seedling reproduction would ensue if fires and grazing 
did not kill back the growth, another reason for the comparative 
lack of seedling growth is the destruction of the acorns themselves. 
These usually ripen in August and are a staple article of food with 
the Indians and Mexicans, who collect them in immense quantities, 
gathering them from the ground. In a good year one man can pick 
up 60 poimds of acorns in a day, and they sell for not less than 5 



CHARACTiRISTIC ROOT COLLARS OF EMORY 04K. 



if, 201, F11F.R 5»rvici, U. S. DopL ol Agiicullu 




Leaves of Emory Oak and Arizona White Oak, Showing the Relative Sije of 
Foliage Put Forth Before and After a Rainy Season; Collected in the 
Canelo Hills durinq the Last week of September. 
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cents a pound, even when the supply is plentiful. Birds, bears, and 
rodents eat the acoms, and many are spoiled by insect larvsB. 

Since most of the stands have not been touched by the ax, the 
sprouts originate from injury to seedUng growth, the principal 
sources of injury being fire, grazing, drought, or frost. These sprouts 
have been designated ''injury sprouts," in contrast to the utiUza- 
tion or stump sprouts. Fire has been the chief source of injury, 
the fires having been set in the interest of the grazing industry, 
and rarely extinguished except where they threatened houses. 
Most of the stools represent many generations of sprouts, and none 
less than two generations. Since the damage from grazing and from 
unfavorable climatic conditions is restricted to seedlings or shoots, 
fire and cutting account for the origin of most of the stands. 

Trees have been cut only near towns and mining camps, and since 
the stumps persist for at least 35 years, the resulting sprouts clearly 
show their origin. Stump sprouts, hke injury sprouts, spring from 
the root collar, with but few exceptions. In the valleys only from 
1 to 6 per cent of the stump sprouts come from the stem, and in all 
cases these were fewer in number and weaker in growth than those 
from the root collar. The reason for this lack of sprouting above 
the roots is found in the dryness of the climate and the consequent 
shrinking of the wood away from the bark, so that there is but sUght 
chance for the formation of a callus. In the narrow valleys at higher 
elevations there was a sUghtly greater proportion of stem sprouts — 
from 2 to 10 per cent — due largely to lower stump heights, smaller 
diameter, and better atmospheric conditions. But even in stumps 
cut close to the ground most of the growth comes from dormant buds 
at the root collar. 

Careful counts showed that there is Uttle if any difference in the 
sprouting capacity between the north and south sides of the stumps, 
and the shade of the stump evidently has no protective influence. 

Small stumps are more likely to produce sprouts and sprouts of 
greater vigor than large stumps. 

As with other broadleaf trees, the season of cutting has a decided 
influence on the sprouting capacity of the resultant stump, and sum- 
mer cutting is most likely to result in the death of the stump. When 
land is to be cleared for cultivation the trees are cut in August or are 
girdled then and cut the following year. Emory oak is locally con- 
sidered a tree which it is hard to kill simply by cutting. Nevertheless, 
on many cut-over slopes in the Pajarito Mountains the sprout growth 
has failed entirely on areas immediately adjoining thrifty stands of 
stump coppice. It appears, therefore, that the season, or possibly the 
method of cutting, or the occurrence of a severe drought have caused 
the failure. It seems reasonable that the best time for cutting to 
secure coppice growth is between November and April. 
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CAUSES OF INJTJBY. 
FIRE. 

Emory oak constitutes no exception to the general truism about 
any tree in America — that fire is its greatest enemy. Fire is not only 
a source of injury in itseK but is the antecedent of secondary injury 
by insects or fungi, or both combined. The worst fire season lasts 
from February until the heavy rains of July, and the most severe fires 
occur in May or June. 

In the open valleys the thick bark of the old trees forms a sufficient 
protection against most of the fires, but younger trees, up to 2 or 3 
inches in diameter at the base are seriously injured, and smaller 
sprouts and young shoots are killed outright. In narrow valleys and 
on bench lands, where the thickets reach a maximum density and 
there is Hkely to be a good deal of litter on the ground, the fires are 
extraordinarily bad, and may kill as much as 30 per cent of the domi- 
nant stand and aU of the shoots and suppressed growth. Slope stands 
are damaged in direct proportion to their density and the amount of 
ground cover. 

The usual fire damage on all growth more than 2 inches in diameter 
breast high — below that diameter the trees are killed — consists of a 
scorched bark which is rarely burned through, though it is usually 
cracked and loosened from the tnmk.- This permits the entrance of 
fungi which cause a heart rot that is very common. 

When sprouts are killed back to the ground, from 5 to 25 new- 
shoots spring from the root collar and make a height growth of 
from 1 to 4 feet the first season. If the fire is late in the season this 
growth fails to harden sufficiently to withstand winter conditions 
and is partially killed back. Occasionally some of the very tender 
shoots are affected by sun scald. 

FIRE PREVENTION. 

The people of the region have yet to learn the necessity of fire 
protection. Yet the effect of prevention of fire on the Garces Na- 
tional Forest can not fail to have an educative value, and the prac- 
tice of allowing fires to run unchecked will come to an end. Fire 
fighting is comparatively easy because of the open nature of the 
stands, which makes most of the fires merely surface fires, except in 
the thickest stands or during severe winds. Where the grass is 
thick, the most effective method is judicious back-firing supplemented 
by beating the fires out with squares of canvas or wet gunny sacks; 
where the grass cover is thin or broken, the beating alone will suffice. 
The ground is not rough, it imposes no difficulties of transportation, 
and there are plenty of roads and trails, so that fire fighters can go 
readily from one place to another. The one difficulty is the scarcity 
of labor available, but this can be partly met by an adequate system 
of patrol supplemented by the use of the telephone. 
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INSECTS. 

* 

Observations indicate that the wood and bark boring insects do 
considerable damage. In certain stands as much as 95 per cent 
show the borings from the base to near the top of the tree. The 
openings in the boles and branches seem to give entrance to wood- 
decaying fungi. 

WIND. 

Windshake is prevalent, affecting one-eighth of the trees in even 
the most sheltered stands, and as much as three-fourths in the most 
exposed. Combined with the beetle galleries, the shake adds greatly 
to the liability to severe heart rot. 

OBAZING. 

In the spring, when the range grasses are not available, cattle and 
horses browse on Emory and other oaks, mesquite, acacia, and other 
woody growth. Where this growth is limited and there is much 
stock the young oak sprouts may suffer considerably, and some stools 
may be Idlled outright as the result of grazing, though such severe 
injury is uncommon. Indeed, browsing may have a beneficial effect 
as a form of pruning early in the dry season, and certainly the ever- 
green oaks are an important asset to the grazing industry in helping 
to carry the stock over to the rainy season. 

FUNGI AND MISTLETOE.* 

The heartwood of Uving trees of the Emory oak is attacked by a 
number of species of fungi. Polyporas dryopJiUus Berk, frequently 
causes a brown and white mottled rot, commonly known as the piped 
rot; next in frequency of occurrence is Forties everhartii (Ellis and 
Gall.), which causes a whitish rot varying to brown on the outer 
edges; Polyporas svlphureus (Bull.) Fr. occurs occasionally, pro- 
ducing a brown, coarsely checked rot; Polyporas ohtusus Berk, and 
Hydnum erinaceus Bull, cause whitish rots of less frequency. 

The wood of dead trees and timbers of oaks of this species are 
attacked by a number of species of fungi, which as a ride attack first 
the sapwood and later may rot the heartwood. Ganoderma cortissii 
(Berk.) Murr. causes a whitish, stringy rot of the butts of dead trees 
and stumps; Polyporas gihms (Schw.) Fr. is found attacking the 
sapwood of defective living trees, as well as that of dead trees and 
logs; Polyporas adustus (Willd.) Fr., Polystictus versicolor (L.) Fr., 
Polystictus sanguineus (Mey.) Fr., and Stereum spp. are also common 
causes of decay in dead oak trees and timbers of this species. 

1 Contributed by Dr. Geoige 0. Hedgcock, Office of Investigations in Forest Pathology, Bureau of 
Plant Industry. 



12 



EMORY OAK IN SOUTHERN ARIZONA. 



The mistletoe (Phoradendron Jlavescens (Pursh.) Nutt.) frequently 
attacks the Emory oak, evidently gaining entrance in the yoimger 
portions of the twigs. The clusters of mistletoe rob the limbs 
attacked of a portion of their nutrition, often causing the outer portion 
to dwindle and die. Severe attacks stunt the trees, and may in 
extreme cases kill them. 

OTHER INJURIES. 

Occasional terrific hailstorms of a local character defoliate whole 
stands, break tender shoots, and even scar the branches. A few trees 
are girdled and killed by lightning. 

UTILIZATION. 

While there has been a limited utilization of Emory oak for poles, 
posts, and mine timbers, it is used almost exclusively for fuel, for 
which it is preferred to the other woods of the region. Where Emory 
oak sells at $5 a cord for domestic firewood, the other oaks sell at 
from $3.50 to $4. At the mines the usual price for Emory oak is 
$3, and there is not a ready sale for the other oaks at $2. It is 
commonly reputed to make a hotter fire and to leave less ash; yet 
the comparative showing of Arizona white oak, under a careful test, 
indicates that there is no warrant for the existing strong prejudice 
against it._ The results of this test are given in Table 3. 

Table 3. — Comparison of the heating values of Errvory oak and Arizona white oak.^ 



Part of tree. 



Trunk, average 

Heartwood 

Sapwood 

Bark 

Top, average... 



Proportion of 
ash. 



Emory 
oak. 



P. cent. 
3.70 
12.47 
2.54 
9.13 
4.65 



Arizona 

white 

oak. 



P. cent. 
7.36 
3.70 
5.53 
17.38 
3.09 



Heating value 
per i)ound. 



Emory 
oak. 



B.t.u.'^ 
8,339 
7,497 
8,203 
7,839 
8,080 



Arizona 

white 

oak. 



B.t.u.^ 
7,499 
8,239 
7,620 
5,618 
8,244 



Heating value of oaks compared with available 
coal and oil supplies per unit of weight. 



Emory oak. 



Daw- 
son 
coal. 



P. cent. 
67 
60 
66 
63 
65 



Cerillos 
anthra- 
cite. 



P. cent. 
63 
56 
62 
59 
61 



Bakers- 
field 

crude 
oU. 



P. cerU. 
43 
39 
43 
41 
42 



Arizona white oak. 



Daw- 
son 
coal. 



P. cent. 
60 
66 
61 
45 
66 



Cerillos 
anthra- 
cite. 



P. cent. 
67 
62 
67 
42 
62 



Bakers- 
field 
crude 
oil. 



P. cent. 
39 
43 
40 
29 
43 



1 Determined by H* S. Betts, Forest Service. 



* British thermal units. 



Table 3 shows that the heat value of an average sample, includin^r 
heartwood, sapwood, and bark, from a butt cut, is about 10 per 
cent less in Arizona white oak than in Emory oak. The greatest 
difference is in the bark, Emory oak being 28 per cent better than 
the white oak. SiQce there is confusion iq the popular miud be- 
tween white oak and blue oak, which is admittedly inferior as a fuel, 
this may be an explanation of a part of the prejudice; but men 



lit S^rvic*. U. S. D.pt. of Agricul 
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who have used the three species and who readily identify them 
favor Emory oak, probably because its wood is more sound and less 
subject to heart rot than the other two species. 

COBDWOOD. 

Most of the cordwood is cut by Mexicans, who prefer the ax to 
the saw, as most woodsmen do; in their case, however, part of the 
preference for the ax is due to their inability to keep a saw in proper 
shape to do good work. Before the establishment of the National 
Forests in the region studied it was their custom to pollard large 
trees, or those which they thought would be hard to split. Even 
when trees were felled the stumps were likely to be 3 feet high. 
They never made a clean cutting, and although their wastefulness 
may be condemned as far as individual trees are concerned, the 
resultant effect on the forest has been better than that which would 
have followed indiscriminate clean cutting. 

The wood is supposed to be cut and stacked into cords; yet not a 
single full cord was found in Nogales or at any of the mining camps. 
Instead of 4-foot lengths, the sticks were not more than 3^ feet long, 
and, where the buyer was unsuspecting, not more than 3 feet. Every 
effort is made to make the stack look large with the least possible 
amount of wood. The branches are crooked, and the piles are as 
loose as they can be made — ^as the saying is, ''so you could throw a 
dog through them anywhere." Under these conditions the actual 
solid content of wood is much short of what it should be and of 
what it would be it the sticks were cut fuU length and were well 
stacked. The usual short cord contains about 65 cubic feet, whereas 
a full cord should contain about 72 cubic feet, or about 10 per cent 
more. With the usual 3i-foot stick length, 65 cubic feet can be 
used as a converting factor for cordwood volume tables. 

Table 4 gives the soHd cubic contents of Emoiy oak trees in cubic 
feet by diameter at breastheight: 



\ 



Table 4. — Cubic contents of Emory oak, of various diameters.^ 



Diameter, 
breasthigh. 


Volume. 


Basis 
trees. 


Diameter, 
breasthigh. 


Volume. 


Basis 
trees. 


Inches. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Cubiefeet. 

0.5 

.9 

1.6 

2.4 

3.4 

4.5 

6.0 

8.0 

10.4 

13.4 

17.0 

21.5 

27.0 

33.5 


Number. 

20 

35 

12 

10 

7 

9 

15 

4 

9 

7 

6 

2 

7 

4 


Indies. 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

Total.. 


Cubiefeet. 

41.0 

49.5 

59.0 

68.7 

78.4 

89.7 

101.8 

' 113.8 

126.0 

140.0 

155.0 

170.0 


Nurnber. 

4 
5 
1 
3 
1 
4 
1 
3 
2 
2 
2 
1 




176 







> Includes trees oyer 3 inches in diameter and cordwood sticks down to 1} inches middle diameter. 
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TANNIN POSSIBILITIES. 

The use of the tannin content of Emory oak has often been sug- 
gested, although the tannin would be very dark colored unless 
clarified. In the scarcity of other tannic agents it ought to furnish 
the supply for an industry in its region. Table 5 shows the quantity 
and sources of the tannin in the three most prominent oaks of 
Arizona. 

Table 5. — Tannin content of the different parts of Emory oaky Arizona white oak, 

and blue oak. 





Live or 
dead sec- 
tion. 


Location of section. 


Sample. 


Insoluble 

solids, 
reds, etc. 


Soluble solids. 


Si)ecies. 


Non- 
tannin. 


Tannin. 


Q. emorvL 


Live.... 
Dead.... 
Live 

Dead.... 
Live 


Base of trunk 

Ultimate branches. 
Twigs 


Bark (32.5 per cent) 
Wood (67.5 inches). 
Average 


Per cent. 

2.1 

.8 

1.2 

.7 

.8 

1.5 

.6 

.6 

.6 

1.2 

.8 

.9 

1.4 

.9 

1.0 

1.0 

1.1 

1.1 

.6 

3.7 

1.0 

1.2 

.9 

.8 

.8 

.5 


Per cent. 
6.6 
4.4 
5.1 
5.7 
7.2 
5.8 
3.3 
2.5 
• 2.8 
4.9 
4.9 
4.9 
5.7 
7.3 
6.9 
2.7 
5.9 
6.1 
5.1 
4.0 
4.1 
4.1 
4.7 
6.1 
5.7 
6.2 


Percent. 
7.4 




3.1 
4.6 




Total 


3.7 




do 


2.6 




Twicrs and leaves.. . 


do 


2.7 




Lower branch of 
12-inch tree. 

Lower branch 

Base of trunk 

Branch 5 feet above 
ground on 12-inch 
tree. 

Ultimate branches. 

Lower branch 

do : 


Bark (33.3 per cent) 
Wood (66.7 inches). 
Avenge 


2.9 
1.8 
2.2 




Bark (28.7 percent) 
Wood (71.3 inches). 
Average... .......... 


5.4 
3.4 

4.0 


Q. arizonica 


Bark (27 .8 per cent) 
Wood (72.2 inches). 
Average 


3.1 




1.7 
2.1 




Bark (26 per cent). . 
Wood (74 inches)... 
Average 


2.6 
6.8 
6.0 




Total 


3.1 




Bark (13.9 per cent) 
Wood (86.1 inches). 
Average 


3.0 
3.8 
3.7 


Q. obloneifolia 


Bark (27.3 per cent) 
Wood (72.7 inches). 
Average 


2.4 






■RTHTioh ,,.--,,, 


4.5 
3.9 




Total 


1.9 











According to Table 5, Emory oak shows a fairly rich tannin con- 
tent — 7.4 per cent — in the bark at the base of the tree, as compared 
to the average for American tanbarks of about 10 per cent. The 
prospects for the commercial use of Emory oak are limited to the 
Southwest, but they seem so good there that its possibilities should 
be thoroughly studied. 

OTHER USES. 

There is but little activity in mining in the region, but even in the 
past, when the mines were being worked, Emory oak was rarely used 
for mine timbers. Yet most of the available conifers have been cut, 
and, as the region is very rich in minerals, there is likely to be a strong 
local demand for mine timbers, for which Emory oak will be used to 
some extent with other native oaks. 

Though it is not of high value for posts, there is a limited use, 
in the absence of good post material. 
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MANAGEMENT. 

Two principal recommendations are at the basis of the very simple 
rules necessary to the proper management of Emory oak: One is to 
keep fires out; the other is to prohibit cutting from July to September, 
and especially in August. The best results in securing coppice 
growth will accrue from a system which confines cutting to the period 
from November to April,, inclusive. 

The stands of large trees in the broad open valleys are the hardest 
to reproduce. Badly defective trees should be cut, and the density 
of the stand increased by protecting the shoots from stock. Since 
the range animals are not herded, and fences are out of the question, 
a trial might be made of piling brush over the stumps to protect the 
young coppice. This will, of course, increase the likelihood of injury 
by fire, but these stands are more easily protected from fire than 
from grazing. 

In the narrow valleys and on the slopes reproduction is more 
assured. The stools* are smaller, and have a stronger sprouting 
capacity than the large trees in the broad valleys. Because of this 
diflference in size, it is easier to cut low stumps in the small stands. 
To save wood, the saw should be used in felling and in cutting up the 
timber above 6 inches in diameter. In thicket stands, where there 
are several sprouts to the stool, if the poorer ones are thinned out it 
will give the better sprouts the advantage of increased light. 

Clear cutting should never be practiced, and the wasteful pollard- 
ing practiced by the Mexican woodchoppers, bad as it was, is prefer- 
able, as a sort of rough selection system, to a clear cutting, which tends 
to lay bare a large area and render all the unprotected new growth 
susceptible to all sorts of injuries. 

Approved. 

James Wilson, 

Secretary of Agriculture. 

Washington, D. C, March 2, 1912. 

o 
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WO<H>8 OAUiBD QTJSBBACHO. 

Quebracho {Quebraehia lorentzii Griseb.), a South American wood 
yielding a valuable extract much used in the United States for tan- 
ning high-grade leathers, is not the only wood known by that name. 
Two other and inferior species, Aspidosperma quebmcho-hlanco Schlecht 
and Aspidosperma qu^hrac^uHX>hrado Schlecht, are called white que- 
bracho, or "quebracho bianco, " and red quebracho, or "quebracho 
Colorado,'' respectively. Tliese two, however, belong to an entirely 
different family (Apocynaceae) , including the common dogbane or 
Indian hemp, from the true quebracho, which is a member of the sumac 
family ( AnacardicLcecie) . The name quebracho is derived from two Por- 
tuguese words, "quebrar," meaning break, and "hacha," ax, in allu- 
sion to the extreme hardness of the wood. At one time nearly every 
South American wood that quickly dulled an ax was called quebracho, 
but to-day the three woods mentioned are the only ones of commer-^ 
cial importance to which the name is applied.^ This indiscriminate 
use of the name quebracho naturally has resulted in much confusion 
regarding the identity, distribution, and uses of these woods, and the 
purpose of this circular is to give the uses and distii^ishing charac- 
teristics of each. Throu^out, the true quebracho will be referred to 
simply as quebracho, while the two other species will be called white 
quebracho and red quebracho, respectively. 

DISTB.IBX7TI0N AND ST7PPLY OF QX7EBBACHO. 

Quebracho is found in Argentina, Bolivia, Brazil, Paraguay, and 
Uruguay. (See map.) It is distributed from the Andes eastward 
for approximatdy 500 nailes, and from near the mouth of the Parana 
River northward for about 600 miles, thus growing over a territory of 
300,000 square miles. A few writers claim that the Province of San- 
tiago, Chile, once yielded quebracho, but nothing definite exists to 
show tibat it ever extended that far westward. Its commercial range 
is confined chi^y to northern Argentina, in the Provinces of Tucu- 
man, Santiago del Estro, and Santa Fe, and the Territories of Formosa 

1 In Porto Riocr-a saplndaoeous fihrab ( ThotUnia atricta Radlk.)i noted for its very hard wood, is called 
quebraeho. In Cabs ibem is a " qn^raeho " tree ( Coptt^era hpnensafaHa Moric. ) , belonging to the beaa 
CunHy (L^iumlnosae). In Chile and Honduras the name quebracho is given to a species of A caeiot az;other 
member of the bean family. " Quebracho flojo'^ or "sombra de toro'' (lodina rhombifolia H. and A.) is % 
handsome evergreen tree of Argentina belonging to the sandalwood family. 

5 
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and the Chaco, and to the Chaco of Paraguay. It is comparatively 
rare in Bolivia and Uruguay, and in the Provinces of Salta and Jujuy, 
Argentina. 

At the present rate of consumption, the supply of quebracho appears 
to be practically inexhaustible. Owners of quebracho timber claim 
that an average acre yields approximately 2 tons of the wood. A 
very conservative estimate of the total possible yield from the areas 
where quebracho occurs in commercial quantity places it at 168,000,- 
000 tons, while the present yearly consumption of the wood for all 
purposes is a little less than 1,000,000 tons. The consumption, how- 
ever, because of the scattering way in which quebracho grows, entails 
the cutting over each year of about 500,000 acres. 

The price of quebracho lands varies greatly. In Paraguay they 
bring, as a rule, from $6,000 to $7,000 per square league,* (approxi- 
mately 4,633 acres), or about $1.50 per acre, though some areas can 
be purchased for as little as from 15 to 25 cents per acre. In the 
Argentine Chaco, on the other hand, certain tracts near railroads or 
waterways sell for $2 per acre or more. 

THE QUEBRACHO TBEE. 

Quebracho never grows in pure stands, but is scattered through open 
forests composed of many species. Seldom, in fact, are more than four 
or five quebracho trees found on an acre. It usually attains a height 
of from 50 to 70 feet, and a diameter of from 2 to 4 feet. It is neither 
a mountain nor a river-bottom tree, but grows best in the somewhat 
elevated stretches between the water coulees, or in other situations 
with sandy soil and moderate atmospheric and abundant soil moisture. 
Its growth during early life is very rapid, fence posts being obtained 
in 10 years, but in later life is very slow. Little is known, however, 
concerning its average rate of growth to maturity. So far it has been 
free from attack by insects. 

QUEBBACHO WOOD. 

The heartwood of quebracho is one of the hardest, heaviest, and, 
in the region of its occurrence, most durable woods known. Highly 
tempered tools are required to work even the young green wood, and 
old wood is almost as hard as metal. It weighs about 78 pounds per 
cubic foot, and has a specific gravity of from 1.2 to 1.4, sinking, of 
course, in water. Nine quebracho ties of the size used in Argentina 
weigh a ton. Its lasting quaUties are such that, in Argentina, ties 
of the wood appear to remain indefinitely in a perfect state of preser- 
vation. Logs left in the woods have been found absolutely sound after 
25 years. The wood contains a very large amount of tannin, which 

1 Daily Consular Report, January 11, 1911. 
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Fio. 1.— Distributkm of tbe quebnu^o tree (QtubrocUa lorenliil) . 
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acts as a preservative, and to which its extraordinaiy durability has 
been ascribed. 

The sapwood of quebracho, forming about one-third of the whole, 
is nearly white. The heartwood, when freshly cut, is dark cherry-red, 
but becomes much darker with age. It is fine-grained and takes a 
beautiful polish. When thoroughly seasoned it does not warp, nor 
is it likely to check during seasoning. 

trSSS OF THB WOOD. 
GENERAL. 

Quebracho wopd is one of ihe principal commercial products of 
South America. Though its qualities fit it for use in many ways, its 
value for tanning extract and crossties is so great that nearly the 
entire annual cut is put to one or the other of these uses. In Argen- 
tina, however, whew it is comm^cially most important, quebracho 
is employed for more purposes, though not in greater quantity, than 
any other wood. 

There, because it is proof against decay, it finds place in wharves, 
dry docks, and quays, and as fence posts, beams, and cross arms. It 
is also used for bridge and ship building, general construction, fur- 
niture, and interior finish. The timber is usually seasoned for from 
two to four years before being used. 

CROSSTIES. 

Quebracho has been adopted throughout its range as a standard 
crosstie timber, and is gradually replacing the cast-iron ties once 
common. In Argentina quebracho ties for broad-gauge roads are 9 
feet long, 10 inches wide, and 8 inches thick, and sell for from $2 to 
$2.50 each. The wood is so hard that spikes can not be driven into 
it, and holes must be bored clear through a tie for bolts to fasten the 
rails. About 18 quebracho ties are got from the average acre, a 
yield which appears small when contrasted with the 40 to 60 first- 
class white oak or pine ties obtained from an acre of our native 
forest. The difference is compensated, however, when it is remem- 
bered that the life of a quebracho tie may be practically indefinite, 
while that of our best native ties is seldom greater than eight years. 
Practically all the quebracho cut for ties is used in South America. 
Quebracho ties have been tried experimentally in the United States, 
but were found to lack resiliency and to crack badly with frost. The 
expense of boring holes for bolts was also another item against them. 

TANNIN EXTRACT. 

The heartwood (rf quebracho yields trom 20 to 24 per cent of tannin, 
the sapwood from 3 to 4 per cent, and the bark from 6 to 8 per cent. 
It is this remarkable production, varying in different parts of the 
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tree's range, which justifies the extensive use for tan extract of a wood 
so valuable for other purposes. The bark and sapwood are seldom 
utilized, a fact which seems to indicate unnecessary wastefulness, since 
the tannin content of the former is equal to that of the lower grades 
of our native tanbarks; while the content of the latter is but slightly 
below that of our native chestnut wood. 

Besides tannin, quebracho wood contains considerable, though rela- 
tively small quantities of red, gambier-like coloring matter used as a 
filler. Quebracho extract does not contain enough of the nontannin 
materials to produce by itself well-nourished leathers, and is therefore 
mixed in the proportion of 1 to 4, by weight, with other tannin ma- 
terial, such as the extracts of mangrove and chestnut, which are 
stronger in nontannin substances. 

When cut for tan extract the trees are cleaned of their bark, sap- 
wood, and branches, and then brought to the factory, where they are 
reduced to shavings or small chips. Tliese are boiled or steamed to 
release the tannin, and the resulting fluid extract is evaporated to a 
thick paste, which, when dry, goes to the market in sacks or barrels. 
The cost of cutting quebracho logs and bringing them to the factory 
is much greater than that of manufacturing the extract itself. At 
present logs are hauled chiefly by ox teams to the nearest railroad or 
boat landing, and from there shipped to the reduciog mill. It is in 
Paraguay, where quebracho trees are very scattered, that the trans- 
portation of logs is most difl^ult and expensive. Little or no market 
exists for quebracho timber or extract there, and practically all of 
the wood is shipped to Buenos Aires, where it is either consumed for 
extract or exported. 

Quebracho obtained from the Provinces of Santiago del Estero and 
Santa Fe, Argentina, is particidarly rich in tannin, and there also the 
trees reach their largest size. It is chiefly in these Provinces that 
quebracho is being extensively lumbered, the output steadily increas- 
ing from year to year. In the Provinces of Salta and Jujuy, where 
quebracho is rare, the inhabitants prefer for taxmin the bark of two 
trees, Aca>cia cebU Griseb. and Piptadenia ceMl Griseb., locally known 
as cebil. These barks are exceedingly rich in tannin material, in the 
case of the latter, at least, containing from 19 to 25 per cent. 

IMPOBTATION OF QUEBBACHO INTO THE UNITED STATES. 

Quebracho wood and extract are now the leading exports of Argen- 
tina and Paraguay. Since their introduction in 1888, imp(H*ts of 
these into the United States have increased steadily. In 1910, 38 
per cent of all the tannin material used in the United States was 
quebracho. Nearly all of this came from Argentina. Table 1 shows 
the quantity and value of material imported during the fiscal years 
1907 to 1910, inclusive.* 

> Compfled from Bureau of Statistics Bulletins 76 and 90, Imports of Fann and Forest Products. 
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Table 1. — Importa of quebrat^ wood and extract into the United States, 1907-1910, 



Year. 



1907 
1908 
1909 
1910 



Wood. 



T<m9, 

66,810 

48,871 

66,113 

80,210 



Value. 

1840,779 
612,971 
731,796 

1,058,647 



Extract. 



Pounds. 
76,033,584 
79,186,787 
102,004,961 
95,183,073 



ViUw. 
$2,319,785 
2,260,364 
2,740,530 
3,021,902 



Quebracho wood enters the United States free of duty. A duty of 
from one-half to three-fourths of a cent per pound, however, is levied 
on the extract, which, in the new (1909) tariff schedule, is divided 
into two classes, according to its density or the percentage of tannin 
it contains. If less in density than 28° Baum6 * the duty is one-half 
cent; if greater it is three-fourths of a cent. Transportation from 
Argentina to the United States is so cheap that many importers bring 
in logs and extract the tannin in this country, thus saving the high 
import duty. The price of quebracho extract f . o. b. Montevideo or 
Buenos Ayres, the two priuQcipal exporting points, is from $80 to $85 
per ton, and that of logs from $14 to $20 per ton. 

SUBSTITUTES FOB QUEBBACHO. 

Both of the other woods which go to the market as quebracho, the 
white and the red, yield a relatively low percentage of tannin, and it is 
therefore unlikely that they are knowingly substituted to any extent 
for the true quebracho. Often, however, they may unintentionally be 
substituted for quebracho, through similarity of names. Quebracho 
is frequently called quebracho Colorado, and red quebracho is also 
called this, and often merely quebracho. White quebracho, too, 
goes under the latter name. While quebracho and red quebracho 
may resemble each other superficially, white quebracho is readily 
distinguished from either by its light color. White quebracho is 
commercially more important than the red, and in some parts of 
South America has been used as a substitute for quebracho. It yields 
a much lower percentage of tannin, but the tannin itself is not 
essentially different from that of quebracho. 

WHITE QUEBRACHO (QUEBRACHO BLANCO). 

White quebracho is common throughout the regions where que- 
bracho grows. It is most abundant in the wetter parts of northern 
Argentina, in the Provinces of Cordova, Santa Fe, Catamarce, Santi- 
ago del Estero, the southern portion of Tucuman, and the Chaco. 
It is an evergreen tree, reaching a height of from 60 to 100 feet, a 

1 An arbitrary seale derised bj Baum4. It maj be redaoed to specific graylties by the following formolas: 
(«) For liquids heaTier tkan water, sp. gr- ^^^^w * (*) For Uqolds lighter than water, sp. gr.- ^^^ , X 
in each case being the reading by Baum6's scale. 
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diameter of from 1 to 3 feet, and remarkable for its erect stem and 
wide spreading crown. It is usually less bulky than quebracho, 
and branches nearer the ground, features which help to distinguish it 
in the forest. 

The wood is strong, hard, and very heavy (specific gravity from 0.88 
to 1.1), very close-grained, yellowish white in color, with a pinkish or 
rosy tint. It is not very durable in contact with the soil, yet much in 
demand for fence posts, rafters, flooring, railroad trucks, cross- 
ties, cabinet work, turnery, hubs, spokes, and cogwheels. Its dense, 
uniform structure makes it suitable as a substitute for boxwood 
{Buxus sempervirens L.) in wood engraving. Unless very carefully 
seasoned, however, it is Ukely to warp and twist, and is said to be 
subject to insect attack. 

RED QUEBRACHO (QUEBRACHO COLORADO). 

Red quebracho is also abundant throughout quebracho's range. 
Its wood when freshly cut is red, but becomes dark brown with age. 
It is used for practically the same purposes as white quebracho. 
Although in general its structural characters are similar to those of the 
former, it is said to be more durable in contact with the soil. While 
red quebracho may at first sight be mistaken for quebracho, its struc- 
tural characters distinguish it. Moreover, its commercial importance 
is relatively so small that it is seldom mixed with the other wood. 

KEY FOB THE IDENTIFICATION OF QXJEBBACHO WOOD AND ITS 

SUBSTITTJTES. 

As an aid in distinguishing the wood of quebracho from that of the 
two inferior species, a key is given, in which are included such gross 
characters of the woods as may be seen in a smooth transverse section 
with the aid of a hand lens. For the use of students, several of the 
minute characters, which can be seen only under the high power of a 
compound microscope, are also included. Plates I and II show mag- 
nified transverse sections of quebracho and white quebracho wood. 
The structure of red quebracho is so similar to that of white that an 
illustration of it is unnecessary. 

Pores (vessels) small (0.03 to 0.09 milHmeters), open, and regularly dis- 
tributed; tangential bands of large pores usually alternating with 
bands of smaller pores. Wood-parenchyma fibers abundant, soat- 
tered throughout the wood, often arranged in short tangential 
lines. Wood fibers 0.9 to 1.5 millimeters long. Heartwood dark 
pink, hard, and heavy (about 62 pounds per cubic foot). 

(Aspidosperma g[U£bracho-blanco Schlecht.) 
Similar in structore to above, but heartwood red, becoming dark 
brown with age. 

{Aspidosperma guelmicho'Cohrad^ Schlecht.) 
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Pores (vessels) larger (0.10 to 0.13 millimeters), closed (in the heart- 
wood) and irregularly distributed, usually grouped in radial rows 
of from two to four. Woadrfxxrenchjfma jfihers confiaed to prox- 
imity of vessels, often forming conspicuous groups. Wo<^ fibers 
very small in diameter (0.5 to 1.2 millimeters long). AU cells of 
the heartwood are crowded with a yellowish^brown snbstance. 
Heartwood dark cherry-red, very hard, and heavy (about 78 
pounds per cubic foot). 

(QiLBhraehia lorerdxii Griseb.) 
Approved : 

James Wiuson, 

Secretary of AgricuUv^e. 
Washington, D. C, March 15, 1912. 
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ASSISTANCE TO PRIVATE OWNERS IN THE PRACTICE OF 

FORESTRY. 



MORE PRODUCTIVE USE OF FOBEST AND WASTE LANDS 

POSSIBLE. 

The forests of the United States, because of repeated fires and 
unwise cutting, are at present producing a small traction of their 
possible yield. By scientific cutting many woodlands can be made 
to produce from one-third to two-thirds more useful material and 
a much larger proportion of the more valuable kinds of wood. Ex- 
tensive areas of waste land suited only to tree growth are now largely 
unproductive. If planted to forest trees, they would yield substantial 
returns. Small areas of woodland for producing fuel and fencing or 
to furnish windbreaks are needed on many farms. As the supply of 
timber in the country decreases the better use of forest and waste 
land is becoming of more importance and value to the private owner. 
This circular points out the means and kind of assistance in this 
work which are at his disposal. 

WHAT PBIVATE OWNEBS NEED TO ENOW. 

Protection from forest fires must precede the practice of forestry. 

The majority of private owners need direct informa- 
iand?^*fire. '**"** tio^ ^^^ advice on protective methods adapted to 

their lands. 
Many owners need technical information which will enable them 
«, ,, * , ^ to reforest unproductive lands not adapted to farm- 

Plantinc waste land. . , ^, , ,. , • jr i -^ i_ ix i. i^ 

ing, or to establish windbreaks or shelterbelts. 

Such owners need to know how to start and care for plantations, what 

species to plant, how fast they grow, and what financial returns may 

be expected from planting. 

The greatest need of the average woodlot owner is advice on how 

Cutting woodlands ^^ ^^^ ^^^ timberlaud so as to perpetuate and improve 

it. The usual methods of cutting result too often in 
depleting the wood-producing capacity of the forest and impairing 
its permanent value. In man;;^ instances such destructive methods 
can be changed in simple, practical ways which will increase the 
productiveness and value of woodlands without seriously restricting 
their present use. 

WHEBE ASSISTANCE MAT BE OBTAINED. 

The services of private or consulting foresters can now be secured. 

Consulting foresters '^^^^^ ^^^ ^^^ advisc owners on all matters connected 

with forestry. They will outline systems of fire pro- 
tection, prepare plans for tree planting or the cutting of timberlands, 
and supervise operations on the ground, if desired. Expert advice 

IClr. 203] (3) 



on such matters as shade trees, landscape gardeiiixig, and tree surgery 
is also available. 

A number of the States have established forestry departments in 
State iiicettMs. charge of a State forester, who assists private owners. 

In several States advice is furnished on the ground 
by a detailed examination of woodlots or areas to be planted with 
forest tjees. Many of the States distribute free publications on 
forestry. A few of them furnish their citizens with forest-planting 
stock at cost price for reforestation purposes within the State. 

The Forest Service of the Department of Agriculture also assists 

, ,„ , private owners. It often accompUshes this best by 

referring applications from small owners within 
States having forest organizations to the proper State officer. This is 
especially true where woodlot examinations are desired. The State 
forester is in closer touch with local conditions within his State. More- 
over, he can usually make examinations at less expense to the owner 
than is possible for the Forest Service. 

Apphcants for assistance in the management of large forest proper- 
ties are usually referred by the Forest Service to private or consulting 
foresters. The Service is not now equipped to examine large tracts 
and prepare plans for their management. With trained loresters 
available elsewhere, it is no longer necessary for the Government to 
assume this work for large owners. 

HOW THE FOBEST SERVICE ASSISTS PRIVATE OWNERS. 

Apphcants desiring examinations of timber holdings whom the 

Service can not help directly are siipplied with a list 
prwatoiowsferi? "*** ^^ private or Consulting foresters. If their State has 

a forester, they are given his name and address. 
Owners who desire to obtain planting stock, either seeds or young 

trees, with which to reforest waste lands or eistablisn 
pumSng stod?**" *" ^ ^^m woodlots Or windbreaks, are supphed with lists 

of dealers in such stock. The Forest Service has no 
plant material for distribution. The only exception is in the case of 
settlers in the Kinkaid district, Nebraska, to whom planting stock 
from the Halsey nursery will be furnished, in accordance with the act 
of March 4, 1911. 

One of the principal means of assisting private owners is in the 

preparation and distribution of pubhcations on for- 
^^towtmttenoipub. ^g^^ Tj^^gg include (1) "planting leaflets/' which 

briefly describe the . principal species adapted to 
various parts of the United States and methods of planting them; 
(2) commercial tree bulletins, which deal with the characteristics and 
scientific treatment of the more important commercial apecies, as 
they occur in natural stands; and (3; a series of "regional studies," 
which discuss questions of forest management, planting, and utiUza- 
tion with reference to the needs of private owners within regions 
where the conditions as to forest growth and markets for wood prod- 
ucts are comparatively uniform. Pubhcations of the last two kinds 
are Umited in number, but will be increased as rapidly as possible. 
Other publications dealing specifically with markets and wood uses 
are issued from time to time. A complete list of the available Forest 
Service pubhcations will be furnished upon appUcation. 
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When information contained in publications will not meet the exact 

needs of an owner, the Forest Service endeavors to 
ci^^mA^e^ ^^ S^^® '^"^ specific advice by correspondence. This is 

especially appUcable to tree planting. 

In a limited number of cases the Forest Service is prepared to sup- 

spedfleadvicebased v}7 owners with detailed advice regarding the prac- 
ttpon examinatkni of ticc of forestry based upon exammations of their 
*^*"**- tracts. 

COOPEBATIVE EXAMINATI0N:S. 

Cooperative examinations of private timberlands are restricted 

mainly to States not equipped to furnish their citizens 
ti^^S^ST^' yi*h expert advice, and to the smaller timber hold- 
ings within such States. The majority of such exam- 
inations are of tracts ranging in area from 5 to 300 acres. 
Unless half a dozen or more examinations can be made within a 

more or less restricted area at the same time, the ex- 
Bi^JfSwUeante!^ pcnsc incident to the work would scarcely be justified. 

it is sometimes possible to make a smgle examination 
in connection with other field work in the same region. As a rule, 
however, an applicant is asked to interest several of his neighbors 
within the same or adjoining counties to make joint application with 
himself for the examination of their lands at the same time. Since 
the educational value of the work as well as its economy is greatly 
increased by cooperating with groups rather than with mdividuals, 
cooperative assistance is, wherever practicable, conducted on this basis. 
After an examination, a report is prepared for the owner giving: 

(1) Suggestions on the best methods of managing 
ttoJSSiw.**^*'*^*^ the woodlands, with specific recommendations on 

marking trees for cutting. 

(2) Suggestions on ftie most valuable uses of the timber and the 
most profitable means of marketing it. 

(3) Where tree planting is recommended, detailed instructions 
on planting the area examined; a list of the best species to plant; 
suggestions on planting methods; kind of planting stock to produce 
or purchase; and the care of the plantation. 

it is usually possible to furnish satisfactory advice on planting by 
correspondence. This obviates the expense of field examinations. 
In such cases the owner should carefully describe the character of 
the proposed planting site by filling out the blanks in Form 728, on 
page 7 of this circular. Additional copies of this form will be fur- 
nished upon application. 

The Forest Service can not assist owners in: 
wiiat the Forest ^^^ Preparation of detailed estimates of standing 

Serrice can not give timber. 

ttio owner. ^2) Preparation of scientific data or furnishing 

expert advice of any kind for use in Utigation. 

(3) Supervision of cutting or planting operations. 

(4) Furnishing seed or planting stock, with the exception noted on 
page 4 in the case of residents in the Konkaid district, Nebraska. 

(5) Examinations for the purpose of giving advice on the care of 
ornamental trees or groves, or on the management of forests where 
the owner is chiefly interested in landscaping or parking rather than 
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in the practice of forestry for wood production. Consulting forest- 
ers, tree "doctors" and landscape experts are readily obtainable for 
these lines of work. 
Cooperative examinations for private owners are made by the 
lug-wta- ,««n. Service m accordance with the foUowing terms: 
iiic private coopen- The Forest ScFvice .pays the salary of its expert 
**^ while engaged upon tne examination. The owner 

pays his traveling and living expenses. If a special trip is necessary, 
these expenses are charged from Washington, or one of the district 
headquarters in theWest, to the tract and return. The district head- 

2uarters are at Missoula, Mont.; Denver, Colo.; Albuquerque, N.Mex.; 
i>gden,Utah; San Francisco, Cal. ; and Portland, Oreg. if a member 
of the Service is in the region from which the appUcation is made, his 
expenses are charged from the nearest point on his route and return. 
Wnere several examinations are made within the same region, the 
total expenses are apportioned among the respective owners who are 
assisted. Applicants for assistance are required to deposit in advance 
a sum sufficient to cover the estimated expenses, with the under- 
standing that any unexpended balance of the deposit will be refunded 
at the completion of the work. 
No exammation will be made by the Forest Service unless the owner 

expresses a readmess to take definite steps toward 
8^ 2S~2"^ unproved management of his forest lands and agrees 
o^ers whom it as- ^o carrjT out as far as he finds practicable the recom- 
mendations contained in the report prepared for him. 
The Service further expects that the owner will assist its expert as far 
as possible in making the examination, and that he or his representative 
will accompany the expert over the property. ^ It is also understood 
that the owner will furnish reports from time to time as requested by the 
Service on the work done, its cost, financial returns, and actual results. 

HOW TO SECtTRE THE ASSISTANCE OF THE FOREST SEBVICB. 

Those who desire assistance from the Forest Service under the pro- 
visions of this circular should fill out one of the two forms given herem^ 
Form 704 for the examination of forest lands, and Form 728 for assist- 
ance in tree planting — or make application to the Forester at Wash- 
ington, D. C, or to the nearest district forester, stating the kind of 
assistance desired. Assistance which can be rendered by sending 
publications or by correspondence will be furnished immediately. Ii 
a field examination is necessary and can be undertaken by the Service, 
the appUcation will be filed and arrangements made with the owner 
for an examination of the tract at the earhest practicable date. 

SPECIAL COOPERATIVE ABBANGEMENTS. 

In addition to direct cooperation with private owners, the Forest 
Service will make special cooperative arrangements, as far as its 
resources permit, with States, agricultural cofleges, boards of trade, 
and similar organizations for the purpose of interesting small owners 
in the practice of forestry. Such cooperation may taKe the form of 
organizing forestry clubs among private owners or of furnishing an 
expert to conduct field examinations under the direction of the coop- 
erator and in whole or in part at its expense. No set regulations 
govern cooperation of this character, which will be adapt^ to the 
needs and conditions in each case. 
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(Form 728.) 

UNITED STATES DEPARTMENT OF AGRICULTURE— FOREST SERVICE. 

APPLICATION FOR BZAMINATION OP LANDS FOR FOREST PLANTING. 

, 19... 

(date) 

Name of applicant 

Post-office address 

. Location of tract to be planted . 



(town) (county) (State) 
Area of tract on which planting is contemplated acres. 

Character of land: 



(level) (rolling) (steep) 

Kind of soil: 

(sandy) (loamy) (clay) 

Does the soil contain lime? 



Depth of surface soil: 

(Shallow; 6-12 inches) (medhim; 12-34 inches) (deep; 24-35 inchee) 

<very deep; over 36 inches) 

Drainage: 

(poor) (fair) (good) 

Has the land been cultivated? If so, for what period, and what crops 

have been raised? 

Ground cover — character and extent: 

(Oraas, weeds, shrubs, treea— varieties of each and per 

cent of surfEkce bearing them) 
What trees thrive in natural woodlots in your neighborhood? 



Object of planting: 

(Production of ftiel, poles, posts, ties, lumber; as Eftielter from wind, to protect 



soil from tfoeion, etc.) 
When do you desire to plant? 

Additional information 



Agreement. — I hereby make application for the examination by the Forest Service 
of the planting site above described, with the understanding that any planting recom- 
mendations will be carried out as far as is found practicable and that reports describing 
such plantations and their results will be fumi^ied the Forest Service whenever 
requested. 

(Signed) 
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(Fonn 704.) 

UNITED STATES DEPARTMENT OF AGRICULTURE— FOREST SERVICE. 

APPLICATION FOR EXAMINATION OF FOREST LANDS. 

, 19... 

(date) 

Name of owner 

Post-office address 

Location of tract 

(town) (ooimty) (State) 

Area of tract acres. 

Character of forest 

(speciee, average aise) 

Condition of forest 

(Approximate per oent mature, second growth, burned over, 

cut over, etc.) 

m 

Wishes of owner 

(State the purpose you desire the forest growth to serve, i. e., production of fiiel and 

other miscellaneous wood products for home consumption; jiroduction of fuel, ties, poles, timber, etc., for 

sale) 

• •....•....•.•.•.....-••••••■•••••••..•..••••••..•■••..•••...•..••••. .•• ........ 

Additional information 

(State here any informati<Hi that may help the agent of the Forest Service 

la making the examination of the tract, such as the accommodations available, the name of the jierson 

who will accompany agent, the nearest railroad station, etc.) 

ft 

Agreement. — I hereby make application for the examination by the Forest Service 
of the above-described tract, with the understanding that its future management and 

Protection will as far as is found practicable conform to the recommendations of the 
'orest Service embodied in the report on the examination; and I further agree to 
supply the Forest Service, when so requested, with reports on the work done, its cost, 
and the results obtained. 

(Signed) 
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STRENGTH TESTS OF CROSS-ARMS. 



SEBVICE LOADS ON CBOSS-ABM8. 

Cross-arms must resist forces which are variable in amoimt and 
direction. In a line the arms may be subjected to heavy loads under 
several conditions: 

(1) If the wires on one side of a pole are broken, a heavy side pull 
comes on the cross-arm from the other side. This causes a severe 
stress in the pole, and, as will be shown later, the pole is more likely 
to be broken than the cross-arm. 

(2) If the wires are heavily covered with sleet and there is a strong 
wind blowing, there is a pressure on the cross-arms, but here again 
the stress in the pole will cause it to fail before the cross-arm will 
give way. Similarly, in changes of direction in the line the sidewise 
pull of the wires is more severe on the poles than oh the arms. 

(3) If the cross-arms are at the same level in the line, they can 
receive no greater strains than those which may be imposed by the 
weight of the wires, and of adhering ice, and by wind pressure. If, 
however, the middle pole of three is higher than the poles on either 
side and the wires are tightly stretched, there is a strong downward 
pull on the cross-arms. A similar condition might result if a single 
pole were left standing in a line where the poles on either side had 
fallen. , 

It is not necessary to reproduce exactly these stresses in laboratory 
tests if one test can be devised to cover the most severe conditions 
and the resistance to the less severe estimated on the basis of that 
one test. A test was devised in which the load was distributed along 
the arm, as it is in actual practice. In all of the tests the load was 
applied vertically for two reasons: First, because the arms are likely 
to receive their heaviest loads in this direction; second, because from 
the results it is possible to estimate the resistance of the arms to 
forces acting in other directions. The test used is also well adapted 
to show the influence of defects on strength. 

MATEBIAIi TESTED. 

The material for the tests described in this circular consisted of 
84 six-pin cross-arms 3i by 4i inches by 6 feet (fig. 1). This number 
was made up of seven groups and comprised four species: Douglas 
fir, shortleaf pine, longleaf pine, and southern white cedar. 
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4 8TBENOTH TESTS OF GBOSS-ARMS. 

Group 1 — 12 arms, Douglas fir. 

Group 2 — 12 arms, shortleaf pine. 

Group 3 — 13 arms, longleaf pine, graded by the manu^turers as 50 per cent heart. 

Group 4 — 11 arms, longleaf pine, 75 per cent heart. 

Group 5 — 12 arms, longleaf pine, 100 per cent heart. 

Group 6 — 12 arms, southern white cedar. 

Group 7 — 12 arms, shortleaf pine, creoeoted. 

Group 1 originated at a mill at Walville, Wash.; groups 2 and 7 at 
Buell, Ya.; groups 3, 4, and 5 at Hattiesburg, Miss.; and group 6 
near Norfolk, Va. Groups 1, 2, 3, 4, 5, and 7 were furnished by the 
American Cross-Arm Co. and group 6 by the John L. Roper Lumber 
Co. The tests were made at the Forest Products Laboratory, 
maintained in cooperation with the University of Wisconsin, at 
Madison. All arms were open-piled in the laboratory from two to 
eight weeks before the testing work was begun. 




Fig. 1.— Standard 6-foot 6-pin cross-arm. 

Note. The arms tested varied in height from 3.95 to 4.23 inches and in width from 3.05 to 3.24 inches. 
Positions of pinholes varied frequently from i to } inch. Brace holes were 16, 18, or 19 inches from«)enter 
In some groui)s. Such arms were rebored and braoe holes placed 14 inches from center. 

METHOD OF TESTS. 

Tests were made on a 200,000-pound Kiehle universal testing 
macliine. The arrangement of the apparatus is shown in figure 2. 
The stub pole /rests on a short beam on two posts, which in turn rest 
on the weighing platform. The pole is held in a vertical position by 
the columns of the testing machine. A gain about 1 inch deep is cut 
in the side of the pole, and the cross-arm is fastened into it by a f-inch 
bolt which extends through the pole. That portion of the bolt 
witliin the pole is encased in a piece of gas pipe which fits the bolt 
closely and increases its bearing on the wood. The outer end of this 
bolt is supported by a heavy brace 6, consisting of a piece of J by 
IJ inch round-edge tire steel, the lower end of which is attached to 
the pole by a J-inch bolt. The diagonal braces are i by IJ inch steel, 
24 inches long, from center to center of the bolt holes. The lower 
ends of these braces are attached to the pole 19^ inches below the 
center of the cross-arm by a {-inch bolt through the pole, this bolt 
also being encased in the pole in a piece of gas pipe. The upper 
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ends of the braces are attached to the cross-arms by f-inch carriage 
bolts at points 14 inches from the center of the arm and in Une with 
the center bolt. 

The center bolt is braced for the reason (found by experimenting 
on one or two arms) that without the brace the bolt bends and 
stretches to such an extent that the arm twists or skews out of its 




Fig. 2.— ICetbod of testing croflfr^miB. 

original vertical position. The bolts through the poles are encased 
in gas pipe to give larger bearing on the wood and to prevent too 
much stress and deformity. While these devices do not conform tq 
those of actual practice, they give more uniform conditions of test. . 
Blocks, h, are each attached to the cross-arm by a nail driven ii^t^ 
the center of its end. These blocks are held vertical by the guide 
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rods, g. A nail is driyen part way into the front edge of each block 
and in line with the center of the cross-arm. Between these two 
nails is stretched a fine wire, which is kept taut by a rubber band. 
The movement of this wire with respect to a scale in the center of 
the arm marks the deflection. 

The load is applied to the cross-arm by rods passing through the 
pinholes in the arms. Nuts on these rods pnU down on wooden 
bearing blocks shaped to fit the upper side of the arm. The lower 
ends of these rods are attached to the system of equalizing levers 
{Cj d, and e), whose arrangement is such that the rods transmit equal 
loads to the cross-arm. 

In conducting the tests an initial load of 250 pounds was applied. 
The scale and wire were then adjusted to zero reading, the machine 
started/ and a deflection reading taken at 500 pounds and at each 
increment of 600 pounds until a perceptible weakening of the arm. 
was noted, after which the load was read for each 0.1-inch deflection, 
and at points of sudden change, until complete failure or 4-inch 
deflection was secured. A load-deflection diagram was plotted as 
the test progressed, and from this diagram the values given in the 
tables were derived. The behavior of the arm during the test was 
observed carefully, and the character and sequence of the failures 
described. Each arm was weighed at the time of test. 

One arm was tested from each group, then a second arm from each 
group, and so on, in order that there might be eliminated from the 
comparison any variation in results due to change in the apparatus. 
All arms, except four from each group, which were selected to be 
saved for exhibit, were cut up, and a 1-inch moisture disk and an 
8-inch specimen for test in compression parallel to grain ^ were 
secured from each. 

REStriiTS OF TESTS. 

A detailed summary of the results is presented in Table 1. The 
load at i-inch deflection is an approximate measure of the stiffness. 
''Work to maximum load'^ and ^' total work" are measures of the 
toughness. The maximum load is the measure of the strength or 
ability to withstand a slowly applied load. 

A few of the tests were incomplete or unsatisfactory; while these 
are included in Table 1, they were omitted from the calculation of 
the averages which are given in this table. Also, in certain cases the 
failure of the arms was due, at least in part, to knots and cross-grain. 
The values obtained in the tests of such arms are printed in italics 
(Table 1), and these, as well as tbe tests omitted from the averages 

. < I The head descended xxnlionaly at the rate of 0.26 inch per minute. 

s The compression tests were made in aooordanoe with the procedure described in Forest Service Circular 
ksl << Instructions to Engineers of Timber Tests." 
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in Table 1, were omitted in computing, the average values given in 
Table 2. 

Since the stresses between the points of attachment of the braces 
are indeterminate^ no allowance has been made for variation in size 
except to estimate what the maximum loads would have been had 
the average dimensions of the arms of all groups been the same as 
those of the Douglas fir group (3.16 by 4.10 inches). These esti- 
mated loads are inclosed in parentheses in Table 2. 

Table 2. — Summary of results of tests on cross-arms. 



species and grade. 



Rings 

per 

inch. 



Num- 
I ber. 
Douglas fir 20 



Longleaf pine, 50 per cent 
heart 



Longleaf pine, 75 per cent 
heart 



Longleaf pine, 100 per cent 
heart 



Shortleaf pine 

Bhortleaf pine, creosoted. 
White cedlur 



17.9 

18,5 

15.5 
10.5 
11.2 
12 



Sum- 
mer 
wood. 



Per 
cent. 
40 



43.7 

53 

44 
46 
40 
45 



Sap. 



Per 

cent. 





55 

32 

1 
79 



1.6 



Mois- 
ture. 



Per 
cent. 
11.5 



13.4 

13.5 

12.8 
13.3 



14.3 



Spe- 
cific 
grav- 
ity, 
dry. 



0.479 

.542 

.627 

.627 
.516 



.364 



Bending tests. 



Load at 

^inch 

aeflec- 

tion. 



Pounds. 
4,050 

4,463 

5,220 

4,770 
4,460 
3,841 
2,860 



Maxi- 
mum 
load. 



Pounds. 
7,690 
(17,690) 

8,984 
(9,000) 

10,180 
(10,240) 

9,782 
(9,850) 

9,260 
(9,220) 

7,649 
(7,360) 

6.200 
(4,800) 



Work 

to 
maxi- 
mum 
load. 



Inch- 
pounds. 
6,990 



6,888 

7,800 

7,970 
8,400 
6,084 
3,160 



Total 
work. 



Inch^ 

pounds. 

15,730 



13,565 

18,370 

18,^43 

16,610 

14,325 

6,930 



Compres- 
sion 
parallel 
to grain. 



Maxi- 
mum 
crushing 
strength. 



Pounds 
per square 
inch. 
7,080 



5,425 

8,950 

8,940 
7,300 
5,770 
4,700 



1 Values in parentheses are the estimated maximum loads for arms 4.10 by 3.16 inches in cross section 
(the average mze of Douglas fir arms). 



COMPARATIVE STRENGTH OF VARIOUS KINDS OF WOOD. 

The various species and grades in order of average strength are as 
follows : 

Average 
maximum load. 

Longleaf pine, "75 per cent heart" 10, 180 

Longleaf pine, "100 per cent heart " 9, 780 

Shortleaf pine 9, 260 

Longleaf pine, "50 per cent heart " 8, 980 

Shortleaf pine, creosoted 7, 650 

Douglas fir 7^ 590 

White cedar 5^ 200 

Since the arms with 75 per cent of heart are stronger than those 
with 100 per cent, and those with 50 per cent are weaker, other 
factors than the relative amounts of heartwood and sapwood miii^ 
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haTe a determining influence on the strength.^ This is tke more 
apparent in the Hght of the fact that the actual per cents of heart 
are, by careful estimate, 100, 68, and 45, respectively, instead of 
100, 75, and 50, according to the nominal grading. 

There was a very considerable difference in the strength of the 
natural and treated shortleaf pine arms. Just how much of this 
difference should be attributed to the treatment it is impossible to 
determine, but a careful examination of the failures indicates that 
the creosoted arms were, aside from the treatment, inferior to the 
untreated. 

Both the strength values and the manner of failure show that white 
cedar is considerably less strong than the other species. The failure 
is in nearly all cases by short brash tension. The numerous small 
knots and the large season checks seem to have had little influence 
on the failures. 

INFLUENCE OF DEFECTS. 

In nearly all cases the principal failure was at the first pinhole 
from the center, though in many cases the first failure was apparent 
as a cracking at the center bolt hole. In view of these facts it is 
recommended that, in grading or selecting arms, particular attention 
be given to defects near the center or the first pinholes. Knots on 
the upper side of the arm near these points are especially to be 
avoided. 

STJHMABY. 

The average load borne by the Southern white cedar croes-arms, 
the weakest group, was 5,000 pounds, the load being appUed verti- 
cally. By careful estimate the resistance of these arms to side pull 
IB at least 4,000 pounds. Under any conditions of service this is 
more than sufficient, because it is so much greater than the side 
load that can be sustained by poles. In tests ^ these have not with- 
stood an average side pidl of much more than 3,000 pounds, and 
usually have failed at less than 2,000. Further, both the pole and 
cross-arm tests were made on air-dry material, while under actual 
conditions of use the poles would be weakened by moisture much 
more than the cross-arms. 

1 Thffi finding is in accord with, the general results from timber tests of the Forest Service, that heartwood 
and sapwood are about equally strong. 

s Pole tests by the Forest Service gave the following figures for the side pull (applied at the top end of 
the pole) which a 25-foot pole of 7-inch top diameter is able to withstand: 

Western red cedar at 15.1 per cent mwsturc 1,310 pounds. 

Lodgep<de pine (fire killed) at 16.9 per cent moisture 1,430 pounds. 

Engelmann spruce (fire-killed) at 16.3 per cent moisture 1,405 pounds. 

Tests by the Pacific. Telephone and Telegraph Conqmny gave the following figures for 25^ 30, and 35- 
foot poles having top diameters of 6, 7, 8, and 9 inches: 

Western red cedar (Idaho) at 10.1 per cent moisture 2,215 pounds. 

Western red oedar (Oregon and Washington) at 15.2 per cent moistare 1,980 pounds. 

Port Orford cedar ( Oregon) at 12.0 per cent moistare 3,040 iK>und8. 
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In the case of sleet •or snow, if the ice coating on the wires gives 
each strand a diameter of 1 inch, a wind pressure of 27 pounds per 
square foot would be sufficient to break the pole, assuming that the 
poles have a resistance to side pressure of 2,000 pounds, and are 
150 feet apart. Even tmder these extreme conditions the cross- 
arm would have to resist stresses equivalent to those imposed by a 
load of only 875 pounds, applied as in the tests, so that even the 
weakest of the arms tested would have more than sufficient strength 
to withstand a force which would break the average pole. 

Where there are abrupt changes of grade in a line, as in the case 
of one pole higher than those adjacent on either side, the downward 
pull on the cross-arm depends on the stress of the wires and their 
inclination from the horizontal. If 6 No. 8 wires are stretched to 
their maximum strength, assumed to be 60,000 pounds per square 
inch, they can exert a pull of 7,670 pounds. If a cross-arm on the 
middle pole had the average strength of Southern white cedar, it 
could not be broken by such a pull unless the pole were at least 45 
feet higher than the two at each side, the spasB being 150 feet. 
Such an abrupt change in grade is rare in practice. If the cross-arm 
were weakened to 60 per cent of its air-dry strength, which would 
correspond to a green or water-soaked condition, the arm would not 
break unless the difference in height were at least 25 feet. 

All things considered, cross-arms of the species and dimensions 
tested are strong enough for ordinary use; with longer arms the 
strength is relatively of much more importance. With the stand- 
ard 6-foot cross-arm, however, the question of strength need not 
enter into calculations of line construction, except in the rare 
case of abrupt change in grade. The ability of the timber to resist 
decay, and methods of preventing decay, are considerations of 
greater importance.^ 

» Bee Forest Service Circular 151, "The Freservative Treatment of Loblolly Pine Cross-Arms," by W. F. 
Sherfese& 
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FOREST FIRE PROTECTION UNDER THE WEEKS LAW IN 

COOPERATION WITH STATES. 



FOBEST FIBE PBBVBNTION AND CONTBOL. 

The forest fire season of 1911 marked the first year's operation of 

One year'i opera- section 2 of the Weeks law. This section authorizes 

ttoBof WMki uw the Secretary of Agriculture to cooperate with States 

eomptoted. ^^ protecting from fire the forested watersheds of 

navigable streams. 

The importance of protection from forest fires is shown by the efforts 
Federal State, being made to bring it about. The Forest Service 
aad private proteo- is charged with the protection of 162 National Forests, 
**''"• aggregating nearly 200,000,000 acres. Fifteen States 

have effective forest me laws enforced by efficient organizations under 
a State forester or a chief fire warden; nine others have made a start 
in this direction. Private owners in the Northeast and the North- 
west have organized protective associations, each member of which 
is assessed for expenses according to the acreage of his holding. Indi- 
vidual owners over the entire country are more and more realizing that 
not only is it practicable to protect their timber, but profitable also, 
because of its constantly increasing value. The joint efforts of all these 
agencies are reducing the fire risk and making the task of each easier. 

It has been estimated that an average of 10,000,000 acres is burned 

over annually in the Imited States, with a money loss 
^o«ei by foreit ^f ^^^^^ $20,000,000. The loss in some States is 

enormous. In Wisconsin, during the three years 
prior to 1911, the losses were as follows: 



Year. 


Acres 
burned. 


Total loss. 


1908 


1,209,432 
166,000 
892,000 


19,194,379 


1909 


104,000 


1910 


6,000,000 







Minnesota had in 1910 a loss estimated by the forest conunissioner 
at more than 1,000,000 acres burned and nearly $2,000,000 damage; 
Oregon lost in the same year, according to the State forester, nearly 
2,000,000,000 feet of timber, with a value of about $2,500,000. 

Forest fires generally have been regarded with indifference or as 
unavoidable. Too often life is lost and valuable property destroyed 
before the public is aroused to the danger. 

In the coniferous forests of the North the destruction of merchant- 
able timber over vast areas is frequent. In the pine 
^estiiMttoiiofina. qj. hardwood forests of the South the chief damage is 
srowth robf the the repeated killing of young growth, especially on 
geien an the fn- (»y|^_(jygj. lands. Such damage, unlike the destruction 

of the Northern forests, is not as strikingly apparent 
but the loss is, nevertheless, a severe one, because the young growth 
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has a very great future value, and upon it depends the permanency 
of the lumber industry in the region. 

Fire destroys also the soil covering; this causes rapid run-off 
streamflow If dii- ^^ steep slopeSi and erosion results. The soil thus 
torbed and navica- washed out IS the chief source of sediment in the 
ttonimiMded. channels of navigable streams. Forest fires, there- 

fore, cause irregularity of streanmow and loss of navigabihty. This 
calls for active assistance from the Federal Government. Section 2 
of the Weeks law is designed to authorize this assistance. 

THE WEEKS JLAW, BBCTION 2. 

The purpose of section 2 of the Weeks law is to protect navigable 

streams, through promoting forest protection by the 
^PnrpoM of ike States and by private owners. The appropriation 

for the purpose is $200,000, which is available until 
expended. The law requires that (1) the protection must be con- 
fined to the forested watersheds of navigable streams; 
xti Nqiiii«Bi«nti. ^2) the State must have provided by law for a system 

of forest fire protection; and (3) the Federal expenditure in any 
State must not exceed in any Federal fiscal year the amount appro- 
priated by the State for the same purpose. 

ADKINISTBATIOK OS* THE LAW. 

The law is administered by the Forest Service under an agreement 
between the Secretary of Agriculture and the State. 

In the administration of this act, the Forest Service places a 
broad interpretation on what constitutes a navigable stream, with 
the exception that streams used only for floating logs, canoes, or 
rowboats will not be considered navigable. As a general basis for 
decisions on the question of navigabihty the reports of the Chief of 
Engineers, Unitea States Army, are used. 

No State will receive more than $10,000 in anv one year. Nor 

should it be assumed that the Feaeral Government 
the^d.** *^ "* ^' will dupKcate within the Umit any appropriation 

made by a State for fire protection. It is proposed 
to disperse the Federal fund as widely as possible, and throughout 
three years, in order that the educational value of the work may be 
fully realized. A fund of about $20,000 has been reserved to increase 
allotments to States where an emergency due to unusual drought 
may occur. The expenditures in 1911 were about $39,000. The 
allotments for 1912 wiU be about $70,000. 

In making the allotments consideration is given especially to the 
coBUdtntioitdB- possibility of active assistance from private owners; 
termiatns allot- to the amoimt of appropriation from each State: 
"*^*'' to the importance of the watersheds to be protectee! 

with respect to streamflow and navigation; to the relative area of the 
watersheds; to the kind and value of the forests; and to the relative 
fire risk. The States assisted must at least have initiated efficient 
fireprotective organizations. 

Tney must secure the cooperation of private owners in various 

coopeiatioa of activities, sucn as the hire of patrolmen, purchase 
private owaen re- of fire-fighting equipment, and the construction of 
quixed. lookout stations and telephone fines. The Forest 

Service takes the ground that before a region shall receive Federal 
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aid the private owners must make a reasonable effort themselves. 
This requirement is most satisfactorily met by protective associa- 
tions of timberland owners such as thoee in Mame^ New Hampshire, 
and Oregon. 
The aim is to assist each State as far as possible, help^ing especially 

the ones which have difficulty in providing efficient 
^tote apppopria- protection. The State which can make only a 

small appropriation may receive an amount equal 
to the sum which it appropriates; while the State whose appropriation 
is relatively large and which can of itself provide safe protection 
may receive a relatively small allotment. 

Other things being equal, the more important watershed, or the 
larger area, or the more valuable forest, receives the larger allot- 
ment for protection, full weight being given in each case to the 
relative fire hazard. 

Any unexpended balance from a Staters allotment at the end of the 
Unexpended bai- Calendar vear, when the cooperative agreements 
ancet not lost to between the States and the Secretary of Agriculture 
states. expire, will be available for expenditure by the 

State under a renewal of the agreement during the next calendar 
year. Thus the State will never lose an unexpended balance and can 
always count upon this balance, at least, as the minimum allotment 
for the ensuing calendar year. 

TEBMS OF THE COOPEBATIVE AOBEEMENT. 

The standard form of cooperative agreement is ^ven in full in an 
appendix to this publication. A specific agreement is made with each 
State with such variations in detail as local conditions require. 
The State supplies the Forest Service with a comprehensive fire 

plan, which includes maps showing the areas to be 
jnre plans and protected, the headquarters and approximate routes of 

patrolmen, and all features necessary to a clear under- 
standing of the Staters plan of fire control. The appendix contains 
a map which forms part of the fire plan for northern New Hampshire. 
Except for a nominal salary to tne State forester, the expenditures 

made by the Federal Government are exclusively for 
■ilttteJ wi^."** '**' ^^^ salaries of Federal patrolmen, including men as- 

si^ed to lookouts, to railroad patrol, and to similar 
duties. The distmction between the Federal and the State patrol- 
men is advisable in order to simplify both the fiscal operation of the 
agreement and the inspection of the use of the funds. During wet 

periods, when patrol is unnecessary, the men are em- 
is mSJSsSSJSr^**'*** ployed on other protective work, such as trail clearing, 
^^ road making, and telephone construction. The 

State's expenditures that are to offset those of the Federal Govern- 
ment may properly include, however, any expenditures for protect- 
ing forested watersheds of navigable streams irom fire. ^ These may 
be for the construction of lookout stations or other protective improve- 
ments and proportionate amounts of supervisory expenses. 
The State forester or the officer of similar rank and duties is given 
stote offloer given * Forcst Service appointment at a nominal salary, and 
Federal appoint- he may employ Federal patrolmen and certify to their 
"*** ' services on Gfovemment vouchers. These are sub- 

mitted for payment each month and must be accompanied by dupli- 
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cates of State vouchers to show the expenditures made by the State to 
offset those of the Federal Govemment; and an indiTidual pay check 
is sent directly to each Federal patrolman. The State officer is sren 
as much authority and latitude as possible in the expenditure of Fed- 
eral funds. He is placed in practically the same position as a National 
Forest supervisor, oy being allowed a wide de^ee of discretion and by 
being held fully accountable for results. He selects the Federal 
patrolmen, instructs them in their duties, and supervises their work. 

The Feaeral patrolmen must be given such poUce powers for the 

^^ prevention and control of forest fires as the laws of 

»«n giTem ^ottoe the State provide > they must be authorized to employ 

JgJJf" *y ^* assistance in fighting mes, and they must be equipped 

with fire-fighting tools. 

The Forest Service inspects the cooperative work on the protected 
Vftderai inipeotioii areas. This is essential, since it serves to determine 
«fwoA. i]^Q efficiency of the plan of fire control and the 

effectiveness of the work done. Also it enables the Service both to 
give and to receive practical suggestions on the ground. The Service 
may, for cause, witndraw its approval of the expenditure of FederiJ 
funds on any area or terminate the Federal appointment of the State 
officer or of any Federal patrolman. 



WORK DONE IN 1911. 



The States which received Federal aid under the Weeks law in 1911 
and the amounts expended by them and by the Government are shown 
in the following summary: 



state. 



Maine 

New Hampshire 

Vermont 

Ifassachcisetts... 

Conneotiout 

New York 

New Jersey 

ICaryland 

Wisconsin 

ICinnesota 

Oregon 

Total 



State 
expendi- 
tures.! 



Federal 
expendi- 
tures. 



123,557.07 

13,876.21 

2,243.90 

400.12 

513.96 

3,837.59 

1,241.61 

262.85 

20,841.87 

25,675.77 

8,768.89 



101,209.74 



9V, iTvX. oU 

6,219.60 

1,218.00 

365.00 

6.00 

2,000.00 
990.00 
261.00 

4,437.25 
10,000.00 

3,305.00 



38,793.55 



Allotment 
to States. 



910,000 
7,200 
2,000 
1,800 
1,000 
2,000 
1,000 
600 
5,000 
10,000 
5,000 



45,600 



Unexpended- 



Balance of 
allotment. 



18.20 

980.50 

782.00 

1,436.00 

994.00 



10.00 
399.00 
562.75 



1,095.00 



6,806.45 



Balance of 

1200.000 

fund Jan. 1, 

1912. 



$161,206.45 



1 As shown on State vouchers or statements forwarded with Federal vouchers. These are not neoes- 
sarfly the total State expenditures. 

Federal funds are rarely expended over an entire watershed, but 

only on those portions which have most protective 

teotSif"'***^' ^'*' value, or which are most liable to fire damage. The 

watersheds which received cooperative protection 

were the following: 

Maine Narraguagus, Union, Penobscot, and Kennebec. 

New Hampshire Androscoggin, Saco, Connecticut, and Merrimac. 

Vermont Connecticut, Otter Creek, and Hudson. 

Ma89achtL9etts Nashua, Thames, Connecticut, Housatonic, and Hudson. 

Connieciicut Thames, Connecticut, and Housatonic. 
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New York Hudson and Delaware. 

Ntw Jersey Hackensack, Passaic, Delaware, and Raritan. 

Mcffyland. Potomac and Youghiogheny . 

Wisconsin Chippewa and Wisconsin (headwaters of the Mississippi). 

Minnesota St. Louis, Rainy, Mississippi, and Red River of the worth. 

Oregon Columbia, Willamette. Nenalem, Wilson, Siletz, Umpqua, Coob, 

Rogue, and Elamatn. 

Five hundred and nine Federal patrolmen were employed, of whom 

about 200 were on continuous pay from the date of 
pSSSnSn?"***^ appointment to the end of the season. They received 

from $2 to $2.50 a day. When not directly under the 
State forester, or warden, they were assigned to district wardens or 

rangers who supervised and inspected their work, 
^snperyteion of pa- rpj^^ patrolmen are usually given specific written in- 
structions as to routes of travel and other duties. 
Each had a district to guard varying in area from about 25,000 to 

100,000 acres. Without necessarily attempting to 
pi^L °*^"* ^^ cover the whole district he made his rounds of the 

dangerous places on the most valuable areas at the 
most advantageous times. These routes varied from 10 to 40 miles 
a day, depencung on the most feasible method of travel, usually by 
foot, horseback, or bicycle. Along the railroad lines, except where 
oil-burning locomotives were used, there was a special and constant 
patrol, in some places on foot and in others on railroad velocipedes 
or speeders. 
The patrolman carries a map of his district and adjoining districts 

showing the major topographic features and the 
trSSKS™''* *' ^*" approximate location of the Federal and State patrol 

routes, patrolman's and fire warden's headquarters, 
telephone lines, lookout stations, roads, trails, and tool-supply boxes, 
or any features which might aid him in an emergency. He also must 
carry some fire-fighting tool, such as a shovel or a collapsible canvas 
pail. 

The most important duties of the patrolman are putting out 

small fires, warning persons against setting or leaving 
j^tiei of patrol- gj.^g^ ^^^^ recording their names when advisable. In 

the larger fires he has authority under the State 
law to call out help. 

In addition to regular patrol duty and fire fighting, his work 
includes watching for fires from lookout stations, burning slash, and 
constructing proactive improvements. 
In most of the mountainous regions, especially in the Northeast, 

the lookout station is a highly developed feature of 
forpASSyS"^ tli? State's fire protective system. It furnishes the 

primary control of the fire situation, while the patrol 
conducted in the valleys beneath forms the secondary control. The 
station is generally permanent, and consists of a lookout cabin or 
tower on top of a mountain, possibly with Uving quarters farther 
down where water can be had. The station is connected by 

telephone with the country below and with other 
ti^'f'^^^*'*"'**^ lookouts, and equipped witn field glasses, a map of 

practicable size, plane table, and alidade. Usually 
the watchman fives on the mountain, and durinff clear days is con- 
tinuously on duty. In rainy or thick weather, when watcmng is not 
necessary or feasible, he is busy inspecting or repairing the telephone 
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line or keeping clear the trail, by which the line can be traveled 
quickly ana damage to it located promptly. Tlie watchman is sup- 
phed with a list of the names and telepnone-call numbers of chief 
wardens, deputy wardens, patrolmen, watchmen, timberland owners, 
lumbermen, and all persons who may render help in the territory 
covered by the lookout; and he notifies the proper persons when ho 
discovers a fire. From the mountain top he is generally able promptly 
to discover fires which might otherwise bum for hours and, perhaps, 
gather tremendous headway before they would have been detected 
from the lower valleys. 

The practical value of the lookout station has been thoroughly 
tested; it is one of the best assets of a timbered country. Wherever 
possible the Federal Gk)vemment prefers that its funds be expended 
for the salaries of lookout watchmen. 

When there was no need for patrolling the men were employed in 

Proteottfv im- *'^® Construction of protective improvements. In 

proTementsooii- some States a great deal of work of this kind was 

■*"**•*• accompUshed last year. An example of what may be 

done was furnished by Wisconsin. 

There was practically no danger from forest fires on the cooperative 
area in WiBconsin after the middle of July. It would have been un- 
wise to dismiss the patrolmen, since there was no telling when dry 
weather might come, and it would have been difficult to get hold of 
the same men again or others quite as competent. The improvement 
work, therefore, was pushed ahead rapidly to make the area more 
traversable and thus easier to protect. Nearly half of the area is 
State land included in the State forest reserve. The plan was to 
divide the more valuable portions, and those of greatest nre risk, into 
blocks of about 40 acres by constructing roads and fire lines so that 
Firebreaki oon- ^^^ patrol force would have a reasonably good chance 
■trnoted In wiMon- of holding a fire within the block in whicn it started. 
**** The roads will be about 3 miles apart, and from 

them fire lines will extend to such natural fire barriers as lakes, rivers, 
and wet swamps. For the most part, the roads were built by remov- 
ing the ties from old logging rauroad grades and then leveling the 
grades with plow and drag. This network of old grades throu^out 
a large portion of the co ope rative area made road construction com- 
paratively inexpensive. Where the roads will become main thorough- 
lares care was taken to build them for permanent use. Less expen- 
sive fire lines and trails seemed sufficient where fire protection was 
the only reason for their construction. There were constructed 
during 1911 by the State and Federal patrolmen, with temporary 
help, over 110 miles of road and 87 miles or fire line. 

A complete telephone system was planned and 24^ miles of line 

were constructed. Three Unes radiating from a 
hm^^^^^ "^* headquarters camp connect it with distant and 

important ranger stations. These lines will be 
extended during the summer or 1912 to various other points of van- 
tage, such as lookout towers, ranger cabins, and summer resorts. 

Other important protective measures were the '* brushing out" of 
trails; the cutting or old stubs, chiefly birch, for a distance of 6 rods 
on each side of 69 mUes of roads and fire Unes; and the burning of 
dangerous slashings on 1,200 acres. 

The cost of this work in Wisconsin was a little over $11,000. 
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BBST7LTS ACCOXPUSHBD. 

There were many practical results of cooperation under the Weeks 
law. Hundreds of fires left by campers, fishermen, and hunters, 
or set by careless smokers and by locomotiYes, were discoverea 
by the patrolmen and promptly extinguished. Great progress was 
made on permanent improvements mat wiJl simplify future fire 
control and prevention. But in addition to these tangible results, 

which have been apparent from the start, the educa- 
jnjj pnwi« 11 edu- tional value of the work although not measurable has 

been far reaching. Except in a few States, last year 
was the first when any systematic State patrol of the foreste was con- 
ducted. It marked the general extension of the State organization 
cooperating with the Federal Government, in getting out among the 
people - in educating them, through the actual work done, of the need 
ana value of fire protection; and m encouraging their cooperation. 
The most effective work of the patrolmen was in warning persons 

met in the woods of the danger of setting fires, and 
wazBinss fii«&. informing them of the fire laws. The patrolmen 
were generally instructed to record the names and addresses of fish- 
ermen, hunters, and campers whenever possible and to send them to 
the district chief. In Jfew Hampshire 4,200 warnings of this sort 
were given; more than half the names were recorded, and are now on 
file in the office of the State forestry commission. Before the next 
fire season a copy of the fire laws will be sent to each of these persons. 
Sportsmen, loggers, and others who travd tlie woods are taking 

greater care in the use of fire; quicker notifications 
p^nJ**' ^*^ ^^ of fi^® *"^ given to the proper State officer, while 

before they at best were desultory. Many private own- 
ers who were skeptical at the start later saw the practical value of the 
work and began cooperating in it and contributing toward it. The 
increased interest of the puUic was shown by the widespread demand 
for information on fire protection received by the various State 
foresters and by the Federal Forest Service. 

The first direct result of the Weeks law in encour- 
•nooTOjedf**'***** aging State legislation was the passage by the Con- 
necticut Assembly of the following act: 

Chapter 292. 
An Act concbrning Prevention of Forest Fires. 

Be it enacted by the Senate and House of JRepresentatives in General Aaaenibly eonvened: 

Section 1. The state forest fire warden may take such action as he may deem 
necessary to provide for the prevention and control of forest fires in groups of towns, 
and is hereby authorized to enter into an agreement with the secrets^ of agriculture 
of the United States, under authority of the act of congress of March 1, 1911, for the 
protection of the forested watersheds of navigable streams in this state. 8aid stote 
forest fire warden may ai>point patrolmen, who shall receive not more than twenty- 
five cents p^er hour for time actually employed, and may establish and equip file 
lookout stations and furnish necessary equipment for such patrolmen. 

Section 2. Any patrolman appointed for such purpose by said state forest fire 
warden may arrest, without warrant, any person taken oy him in the act of violatmg 
any of the Laws of this state for the protection of forest and timber lands. 

Section 3. The disbursements oi the st^tte forest fire warden in carrying out the 
purposes of this act shall be paid by the state from tlie appropriation for fire wardens. 

Section 4. This act shall take esect from its passage. 

Approved, September 26, 1911. 
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The first question that naturally occurs to one looking for measur- 
able results is how far the expenditures succeeded 
iaTSfpropSrS^***' ^ preventing fire losses. Maine and New Hampshire 

furnish strimng examples of comparative losses in 
1903 and 1911, two of the most dangerous fire years on record in 
these States. The comparison is based only on the watersheds 
where cooperative fire protection between the Federal Government 
and the State and timberland owners was established last year. 



Year. 



1903 
1911 



Season of droa^t 



Apr. 17to Juned 

Apr. 16 to June 1, June 20 to July 17. 



Maine. 



Acres 
burned. 



172,040 
91,471 



Damage. 



$679,423 
154,284 



New Hampshire. 



Acres 
burned. 



84,256 
10,925 



Damage. 



1200,000 
34,036 



While the danger season of 1911 was longer and generally con- 
sidered to be the more severe, the area- burned over and the amount 
of damage were considerably less than in 1903, and the decrease 
without doubt can be attributed in great measure to the protection 
afforded in 1911, as compared with the almost utter lack of it, except 
by a few private owners, in 1903. 

EZTENDINQ COOPEBATIVE PROTECTION. 

The Federal Government desires to extend this cooperative protec- 
tion to other States. To secure its benefits they must enact a forest- 
fire law and must appropriate funds for administering it. Few more 
effective steps could be taken by many States toward the conserva- 
tion of resources which support important industries than to inaugu- 
rate systematic fire protection. The fact that the immediate finan- 
cial interests of timber owners make them backward in undertaking 

this insurance of their industry is an additional rea- 
tJ?th%ad.'^'"^* son for the States to take the lead. The readiness of 

the Federal Government to cooperate with the States, 
under the terms of the Weeks law, as soon as the State makes a start, 
is an incentive to immediate action. 
A State forest fire law should provide, in addition to an organization 

to fight fires, a patrol force for fire prevention. A 
■hSdd provide. ^^ general defect in fire laws is that thw provide only 

for fighting fires and not for patrol. The law shoula, 
of course, carry an adequate appropriation; the most serious defect 
has been the inadequacy of appropriation. To protect the National 
o it f roteotioiL. F^^estscosts about 2 ccuts an acro annuaUy; theBilt- 
o pro c on. j^^^^.^ tract in North Carolina, about 6 cents an acre; 
and the lands of the various timber-land protective associations in 
the Northeastern and Northwestern States, from 2 to 4 cents an acre. 
It is probable that the State can secure efficient protection for 1 cent 
an acre, if the larger private owners will assist by contributing toward 
the protection of their own lands. If, for example, a State contains 
5,000,000 acres of forest land which needs protection, an annual 
expenditure of $50,000 should be sufficient to handle the work effec- 
tively. It is improbable that a State would appropriate this amount 
at the beginning; an appropriation of $10,000 or even less would be 
sufficient to start the work and demonstrate its value. 
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FORK OF AaBBBHBNT. 

The form of agreement between the Secretary of Agriculture and 
the State for the protection from fire of the forested watersheds of 
navigable streams is as follows: 

United States Department of Agriculture. 

Agreement for the proUcPUm from fire of Ihe forested watersheds of navigable streams under 

section j?, act of March i, 1911 {36 Stat., 691). 

ThiB agreement, made by and between the Secretary of Agriculture of the United 
States, under authority of section 2 of the act of Congress approved March 1, 1911 (36 

Stat., 691), and the State of by and through its State Forestry Commission, 

witnesseth : 

T!lat whereas, the said State has requested the cooperation of the said Secretary in 
the protection from fire of the forestea watersheds of navigable streams; and 

Wnereas, the said State has provided by law for a system of forest-fire protection; 

Now, therefore, the said parties do mutually promise and agree with each other as 
follows: 

1 . To establish and maintain a cooperative fire protective system covering any or all 
private or State forest lands within the State of and situated upon the water- 
sheds of navigable rivers; and to furnish for this purpose Federal and State patrolmen 
or to take such other protective measures as may oe deemed advisable, under the con- 
ditions hereinafter provided. 

2. The State commission shall furnish maps showing the watersheds and areas 
which are proposed to be protected under this agreement. The cooperation shall be 
limited to such watersheds and areas in so far as they shall be approved by the Secre- 
tary. The said commission shall indicate the periods during which protection from 
forest fires is proposed under this agreement; the number of patrolmen, with their 
stations, whicn will be employed by the State; the character and extent of other 
protective measures which it is proposed to put into effect at the expense of the State; 
and the localities in which it is desired to place Federal patrolmen furnished by the 
Forest Service. 

3. The State commission shall secure for the Federal patrolmen furnished under 
this agreement, by appointment as deputy State fire wardens or otherwise, without 
additional compensation, such police powers for the prevention and control of forest 

fires as may be granted under the laws of the State of , and shall equip such 

Federal patrolmen with such fire-fighting tools or devices and shall authorize them 
to employ such assistance in %hting fires as its funds and the State fire laws and 
regulations will permit. 

4. The State forester of , acting as an employee of the State commission, shall 

be appointed collaborator in the Forest Service of the United States Department of 
Agriculture at a salary of one dollar ($1) a month, and acting in such capacity 
shall have direct charge of the force of Federal patrolmen employed under this agree- 
ment. The State forester shall select the Federal patrolmen, subject to approval by 
the Secretary^ instruct them in writing as to their duties, supervise their work, and 
certify to their services on pay rolls of the Forest Service. 

5. The Federal patrolmen so selected shall be appointed as temporary laborers in 

the Forest Service at a per diem rate not exceeding dollars (I ); provided 

that they shall be employed exclusively in the protection of areas on the watersheds 
of navigable rivers wnich shall have been approved by the said Secretary. 

6. The total sum to be expended by the Federal Government during the term of 
this agreement for the purposes of this agreement may equal but shall not exceed 

dollars ($ ); but in no case shall the amount expended by the Federal Grov- 

emment in any Federal fiscal year exceed the amount appropriated by the said State 
for and expenaed by it during the same period for the purpose of protecting from fire 
forested watersheds of navigable streams in said State. 
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7. Payment for the services of Federal patrolmen employed under this agreement 
shall be made at the end of each calendar or fractional month on vouchers certified by 
the State forester as collaborator, and forwarded to the Forester, Forest Service, 
Washington, D. C, provided that no patrolman will be employed except during 
the real danger season from forest fires on the watersheds and areas approved by the 
Secretary under this agreement. 

8. The said Secretary and his authorized representative shall have full authority 
to inspect the protective areas and the force herein authorized, and at his option, bv 
giving the State commission written notice, may withdraw his approval of any such 
area or portion thereof, or terminate the employment of any Federal patrolman or 
patrolmen or of the State forester as collaborator m the Forest Service. 

9. The State forester shall be responsible for seeing that each patrolman keeps a 
vigilant lookout for forest fires in or threatening his district, and that he makes every 
possible effort to extinguish such fires as occur whether they are on lands belonging 
to the State, the Federal Government, or a private owner, provided that during the 
patrol period when in the judgment of the State forester patrol is unnecessary the 
patrolmen may be used on other fire-protection work. The State forester or his 
representative shall from time to time make such personal inspection of the coopera- 
tive fire-protection work done under this agreement as may be necessary to promote 
the effectiveness of said work. 

10. The said State forester shall, with respect to all private forest land afforded pro- 
tection against fire under this agreement, use every proper means to brin^ about the 
active cooperation of the owner m such protection, including aid from him in the form 
of hire of one or more patrolmen, construction of permanent improvements, and the 
like. 

11. Both the State commission and the Forest Service of the United States Depart- 
ment of Agriculture shall have eoual right to publish the results of the cooperation 
under this agreement: Provided, That any results intended for publication, except 
press notices of momentary or local interest, be approved by the commission and by 
the Secretary. In all such publications it shall be plainly stated that the results were 
secured through cooperation between the commission and the Secretary. 

12. This a£;reement shall terminate on the thirty-first (31st) day of December, 1912: 
Provided, however, That it may be renewed, and be in force thereafter, from year to 

year, by mutual consent of the parties hereto, expressed in writing. 
In witness whereof the said commission has hereunto caused its name and seal to be 

affixed by its proper officers, on the day of , 1912, and the said Secretary 

has hereunto set nis hand and affixed his official seal on the date below written. 

President, State Forestry Commission. 

Secretary of Agriculture. 
Signed and sealed by the Secretary of Agriculture this day of , 1912, 

FUtE PLAN 3CAP. 

The accompanjing map of the northern district of New Hampshire, 
including a portion of the cooperative watersheds, is an example of 
the Irina which should accompany a fire protection plan. The map 
shows, in addition to the headquarters or members of the fire force, 
the routes of patrolmen and the location of lookout stations, telephone 
Unes, and tool supply boxes. 

This district has an area of approximately 1,000,000 acres. It is 
supervised by a district chief, under whom are patrolmen, lookout 
watchmen, and fire wardens. In this district in 1911 the expendi- 
tures for fire protection were as follows: 

State $6,500 

New Hampshire 'Kmberland Owners Association 4, 800 

Federal Government 3, 300 

Total 14, 600 

At $14,600 for the protection of 1,000,000 acres, the rate is less 
than li cents per acre. 
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FOREST FIRE PROTECTION UNDER THE WEEKS LAW IN 

COOPERATION WITH STATES. 



FOREST FIBE PBEVENTION AND CONTBOL. 

The forest-fire season of 1912 marked the second year's operation 

Two years* openi^ ?^ section 2 of the Weeks law. This section author- 

tion of Week! law izes the Secretary of Agriculture to cooperate with 

oompioted. States in protecting from fire the forested watersheds 

of navigable streams. 

The importance of protection from forest fires is shown by the 
rederai State efforts being made to bring it about. The Forest 
and private proteo^ Service is charged with the protection of 163 Na- 
^^ tional Forests, aggregating nearly 200,000,000 acres. 

Eighteen States have effective forest-fire laws, enforced by efficient 
organizations under a State forester or a chief fire warden; seven 
others have made a start in this direction. Private owners in the 
Northeast and the Northwest have organized protective associations, 
each member of which is assessed for expenses according to the acreage 
of his holdings. Individual owners over the entire country are more 
and more realizing that not only is it practicable to protect their 
timber, but profitable also, because of its constantly increasing value. 
The joint efforts of all these agencies are reducing the fire nsk and 
making the task of each easier. 

It has been estimated that an average of 10.000,000 acres is burned 

over annually in the United States with a money loss 
Looet by forett of about $25,000,000. The loss m some States is 
^^' enormous. In Wisconsin, during the three years 

prior to 1911, the losses were as follows : 



Year. 



1908 
1909 
1910 



Acres burned. 



1,209,000 
166,000 
892,000 



Valae of 
merchantable 
standing tim- 
ber destroyed. 



S2, 997, 000 

22,000 

997,000 



Total loss of all 
forest prodacts, 

inciudine 
merchantaole 
standing tim- 
ber, young 
trees, and pulp 

wood, bark, 
logs, and simi- 
lar products. 



19,194,000 

104,000 

5,000,000 



Minnesota had in 1910 a loss estimated by the forest commissioner 
at more than 1,000,000 acres burned and nearly $2,000,000 damage; 
Oregon lost in the same year, according to the State forester, nearly 
2,000,000,000 feet of timber, with a value of about $2,500^000. 
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Forest fires generally have been regarded with indifference or as 
unavoidable. Too often life is lost and valuable property destroyed 
before the public is aroused to the danger. 

In the coniferous forests of the North the destruction of merchant- 
able timber over vast areas is frequent. In the pine 
«H™ '?«i* -^j£ or hardwood forests of the South the chief damage is 

XBftvuro Ana yonxiflr ■• -1-1*11* t* 1 *i-i 

growth robi the the repeated killing of young growth, especially on 
jareient and the fu- ^ut-over lauds. Such damage, unlike the destruction 

of the northern forests, is not as strikingly apparent, 
but the loss is, nevertheless, a severe one, because the young growth 
has a very great future value, and upon it depends the permanency 
of the lumber industry in the region. 
Fire destroys also the soil covering; this causes rapid run-off 
streamiiow it dii- ^^ steep sloi>es, and erosion results. The soil thus 
tmrhed and naviga- washed out is the chief source of sediment in the 
tion impeded. channels of navigable streams. Forest fires, there- 

fore, cause irregularity of streamflow and loss of navigability. This 
calls for active assistance from the Federal Government. Section 2 
of the Weeks law is designed to authorize this assistance. 

THE WEEKS liAW, SECTION ^ 

The purpose of section 2 of the Weeks law is to protect navigable 

streams, through promoting forest protection by the 
law!*"^*^** *' *^* States and by private owners. The appropriation 

for the purpose is $200,000, which is available until 
expended. The law requires that (1) the protection must be con- 
fined to the forested watersheds of navigable streams; 
It. requirements, ^g) the State must have provided by law for a system 
of forest fire protection; and (3) the Federal expenditure in any 
State must not exceed in any Federal fiscal year the amount appro- 
priated by the State for the same purpose* 

ADHINISTBATION OE THE LAW. 

The law is administered by the Forest Service under an agreement 
between the Secretary of Agriculture and the State. 

In the administration of this act the Forest Service places a broad 
interpretation on what constitutes a navigable stream, with the ex- 
ception that streams used only for floating logs, canoes, or rowboats 
will not be considered navigable. As a general basis for decisions on 
the question of navigability the reports of the Chief of Engineers, 
United States Army, are used. 

No State will receive more than $10,000 in any one year. Nor 

should it be assumed that the Federal Government 
the°fand?' *° ^^ ^' ^^ duplicate within the limit any appropriation 
' made by a State for fire protection. It is proposed 

to disperse the Federal fund as widely as possible, and throughout 
three years, in order that the educational value of the work may be 
fully realized. A fund of about $20,000 has been reserved to increase 
allotments to States where an emergency due to unusual drought 
may occur. The expenditures in 1912 were about $50,000. The 
allotments for 1913 will be about $90,000. 
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In making the allotments consideration is given especially to the 
consideratioiis de- possibility of active assistance from private owners; 
ter mining allot- to the amount of appropriation from each State; 
ments. - ^^ the importance of the watersheds to be protected 

with respect to stream flow and navigation ; to the relative area of the 
watersheds ; to the kind and value of the forests ; and to the relative 
fire risk. The States assisted must at least have initiated efficient 
fire protective organizations. 
They must secure the cooperation of private owners in various 
Cooperation of pri- ^'Ctivities, such as the hire of patrolmen, purchase 
vate owners re- of fire-fighting equipment, and the construction of 
quired. lookout stations and telephone lines. The Forest 

Service takes the ground that before a region shall receive Federal 
aid the private owners must make a reasonable effort themselves. 
This requirement is most satisfactorily met by protective associations 
of timberland owners such as those in Maine, New Hampshire, Wash- 
ington, and Oregon. 
The aim is to assist each State as far as possible, helping especially 

the ones which have difficulty in providing efficient 
tiowl** ^PP'^^i^'**- protection. The State which can make only a small 

appropriation may receive un amount equal to the 
sum which it appropriates; while the State whose appropriation is 
relatively lar^ and which can of itself provide safe protection may 
receive a relatively small allotment. 

Other things being equal, the more important watershed, or the 
larger area, or the more valuable forest, receives the larger allot- 
ment for protection, full weight being given in each case to the 
relative fire hazard. 

TERMS OF THE COOPERATIVE AGREEMENT. 

The standard form of cooperative agreement is g^ven in full in an 
appendix to this publication. A specific agreement is made with each 
State with such variations in detail as local conditiorfS require. 
The State supplies the Forest Service with a comprehensive fire 

plan, which includes maps showing the areas to be 
Fire plana and protected, the headquarters and approximate routes 
^ ' of patrolmen, and all features necessary to a clear 

understanding of the State's plan of fire control. The appendix con- 
tains a map which forms part of the fire plan for northern New 
Hampshire. 
Except for a nominal salary to the State forester, the expenditures 

made by the Federal Government are exclusively for 
•auiries^niyr^* '^' ^^^ salaries of Federal patrolmen, including men as- 
signed to lookouts, to railroad patrol, and to similar 
duties. The distinction between the Federal and the State patrol- 
men is advisable in order to simplify both the fiscal operation of the 
agreement and the inspection of the use of the funds. During wet 

periods, when patrol is unnecessary, the men are em- 
ialSneceMar/**^^ ployed on other protective work, such as trail clear- 
ing, road making, and telephone construction. The 
State's expenditures that are to offset those of the Federal Govern- 
ment may properly include, however, any expenditures for protect- 
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ing forested watersheds of navigable streams from fire. These may 
be for the construction of lookout stations or other protective im- 
provements and proportionate amounts of supervisory expenses. 

The State forester or the officer of similar rank and duties is given 
state officer given * Forest Service appointment at a nominal salary, 
vederai appoint- and he may employ Federal patrolmen and certify to 
"'^^*" their services on Government vouchers. These are 

submitted for payment each month and must be accompanied by dupli- 
cates of Stete vouchers to show the expenditures made by the State to 
offset those of the Federal Grovemment ; and an individual pay check 
is sent directly to each Federal patrolman. The State officer is given 
as much authority and latitude as possible in the expenditure of Fed- 
eral funds. He is placed in practically the same position as a National 
Forest supervisor, by being allowed a wide degree of discretion and 
by being neld fully accountable for results. He selects the Federal 
patrolmen, instructs them in their duties, and supervises their work. 

The Federal patrolmen must be given such police powers for the 

prevention and control of forest fires as the laws of 

f Federal patrolmen the State provide, they must be authorized to employ 
iven police powen . . ' n. ux* n j xi. a i. • j 

y the State. assistance m fighting tires, and they must be equipped 

with fire-fighting tools. 

The Forest Service inspects the cooperative work on the protected 

Federal inipeotioa areas. This is essential, since it serves to detennine 

of work. the efficiency of the plan of fire control and the 

effectiveness of the work done. Also it enables the Service both to 

give and to receive practical suggestions on the ground. The Service 

may, for cause, withdraw its approval of the expenditure of Federal 

funds on any area or terminate the Federal appointment of the State 

officer or of any Federal patrolman. 



WOBE DONE IN 191S^ 

The States which received Federal aid under the Weeks law in 1912 
and the amounts expended by the Government are shown in the fol- 
lowing summary : 



8tate.i 



Maine 

New Hampshire 

Vermont 

Massachusetts . . , 
Comiecticut.... 

New York 

New Jersey 

Maryland 

Wisconsin 

Minnesota 

Washington 

Oregon 

Total 



Federal funds available for expendi- 
ture in States in 1912. 



Allot- 
ments. 



$10,000 

8,000 

2,000 

2,500 

1,500 

4,000 

2,000 

2,000 

5,000 

10,000 

10,000 

10,000 



67,000 



Expendir 
tures.* 



16,514.50 
7,720.90 
1,997.15 
2,489.00 
1,223.25 
4,000.00 
1,977.33 
649.00 
4,113.00 

10,000.00 
2,818.76 
7,103.05 



50,605.93 



Unex- 
pended 
balances. 



13,485.50 

279.10 

2.85 

11.00 

276.75 



22.67 

1,351.00 

887.00 



7,181.25 
2,896.95 



Expendi- 
tures in 
1911 and 
1912. 



16,394.07 



$16,506.30' 

13,940.40 

8,215.15 

2,854.00 

1,229.25 

6,00aQ0 

2,967.33 

918.00 

8,550.25 

20,000.00 

2,818.75 

10,406.05 



Unex- 
pended 

balance of 
$200/100 

fund, Jan. 
1, 1913. 



89,407.48 



$110,592.58 



1 Negotiations were started with Kentucky, Montana, and Idaho, but no i^eements were execnted. 
s Federal expenditures in each State were at least equaled and in most cases considerably exceeded by 
state expenditures. 
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Federal funds are rarely expended over an entire watershed, but 

only on those portions which have most protective 

teSed*"^*^ ''^ value, or which are most liable to fire damage. The 

watersheds which received cooperative protection 

were the following: 

Maine ^t Croix, Narraguagus, Union, Penobscot, Kennebec, and 

Androscoggin. 

New Hampshire Androscoggin, Saco, Connecticut, and Merrimac. 

Vermont ^Connecticut, Otter Creek, and Hudson. 

MassachVfSetta Nashua, Thames, Connecticut, Housatonic, and Hudson. 

Connecticut .Thames, Connecticut, and Housatonic. 

New York JEIudson and Delaware.. 

New Jersey ^..Hackensack, Passaic, Delaware, and Raritan. 

Maryland Potomac and Youghiogheny. 

Wisconsin Chippewa and Wisconsin (headwaters of the Mississippi). 

Minnesota^^ St Louis, Rainy, Mississippi, and Red River of the North. 

Washington Columbia, Chehalis, Cowlitz, Snohomish, Duwamish, Wil- 

lapa, Puyallup, Skagit, Stlllaguamish, Nooksak, Hoh, 

Soleduck, and Grays. 
Oregon Columbia, Willamette, Nehalem, Wilson, Siletz, Umpqua, 

Coos, Rogue, and Klamath. 

Three hiijidred and eight Federal patrolmen were employed, of 

whom about 200 were on continuous pay from the 

erS'^Steoimen. ^**' ^^^^ ^^ appointment to the end of the season. They 

received from $1 to $3 a day. When not directly 
under the State forester, or warden, they were assigned to district 

wardens or rangers who supervised and inspected 
^Supervision of pa- their work. The patrolmen are usually given spe- 
cific written instructions as to routes of travel and 
other duties. 
Each had a district to guard varying in area from about 25,000 to 

100,000 acres. Without necessarily attempting to 
patrSf ®*^*"* *^ cover the whole district he made his rounds of the 

dangerous places on the most valuable areas at the 
most advantageous times. These routes varied from 10 to 40 miles 
a day, depending on the most feasible method of travel, usually by 
foot, horseback, or bicycle. Along the railroad lines, except where 
oil-burning locomotives were used, there was a special and constant 
patrol, in some places on foot and in others on railroad velocipedes 
or speeders. 

The patrolman carries a map of his district and adjoining districts 

showing the major topographic features and the 
♦*52I??"*'^* ®' '*■ approximate location of the Federal and State patrol 
*""^ routes, patrolman's and fire warden's headquarters, 

telephone lines, lookout stations, roads, trails, and tool-supply boxes, 
or any features which might aid him in an emergency. He also must 
carry some "fire-fighting tool, such as a shovel or a collapsible canvas 
pail. 
The most important duties of the patrolman are putting out 

small fires, warning persons against setting or leaving 
^^utiei of patrol- fires, and recording their names when advisable. In 

the larger fires he has authority under the State 
law to call out help. 

In addition to regular patrol duty and fire fighting, his work 
includes watching for fires from lookout stations, burning slash, and 
constructing protective improvements. 
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In most of the mountainous regions, especially in the Northeast, 

the lookout station is a highly developed feature of 
fo^i^nuT ci^oL ^^® State's fire protective system. It furnishes the 

primary control of the fire situation, while the patrol 
conducted in the valleys beneath forms the secondary control. The 
station is generally permanent, and consists of a lookout cabin or 
tower on top of a mountain, possibly with living quarters farther 
down where water can be nad. The station is connected by 

telephone with the country below and with other 
^^^lepiume conna*- lookouts, and equipped with field glasses, a map of 

practicable size, plane table, and alidade. Usually 
the watchman lives on the mountain, and during clear days is con- 
tinuously on duty. In rainy or thick weather, when watching is not 
necessary or feasible, he is busy inspecting or repairing the telephone 
line or keeping clear the trail by which the line can be traveled 
quickly and damage to it located promptly. The watchman is sup- 
plied with a list of the names and telephone-call numbers of chief 
wardens, deputy wardens, patrolmen, watchmen, timberland owners, 
lumbermen, and all persons who may render help in the territory 
covered by the lookout; and he notifies the proper persons when he 
discovers a fire. From the mountain top he is generally able 
promptly to discover fires which might otherwise burn for hours and, 
perhaps, gather tremendous headway before they would have been 
detected from the lower valleys. 

The practical value of the lookout station has been thoroughly 
tested ; it is one of the best assets of a timbered country. Wherever 
possible the Federal Government prefers that its funds be expended 
for the salaries of lookout watchmen. 

When there was no need for patroling, the men were employed in 

Prot«otiT6 im- ^^^ construction of protective improvements. In 

provementi con- some States a great deal of work of this kind was 

■*"^^' accomplished in 1911 and 1912. An example of what 

may be done was furnished by Wisconsin. 

There was practically no danger from forest fires on the cooperative 
area in Wisconsin after the middle of the usual dry season in either 
year. It would have been unwise to dismiss the patrolmen, since 
there was no telling when dry weather might come, and it would have 
been difficult to get hold of the same men again or others quite as 
competent. The improvement work, therefore, was pushed ahead 
rapidly to make the area more traversable and thus easier to protect. 
Nearly half of the area is State land included in the State forest re- 
serve. The plan was to divide the more valuable portions, and those 
of greatest fire risk, into blocks of about 40 acres by constructing roads 
Fireiireaki con- ^^^ ^^® lines SO that the patrol force would have a 
■tructed in wiicon- reasonably good chance of holding a fire within the 
■^' block in which it started. The roads are about 3 

miles apart, and from them fire lines extend to such natural fire 
barriers as lakes, rivers, and wet swamps. For the most part, the 
roads were built by removing the ties from old logging railroad 
grades and then leveling the grades with plow and drag. This net- 
work of old grades throughout a large portion of the cooperative 
area made road construction comparatively inexpensive. Where the 
roads will become main thoroughfares care was taken to build them 
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for permanent use. Less expensive fire lines and trails seemed suffi- 
cient where fire protection was the only reason for their construction. 
There were constructed during 1911 and 1912 by the State and 
Federal patrolmen, with temporary help, over 159 miles of road and 
118 miles of fire line. 

A complete telephone system was planned and 66 miles of line were 

constructed, which connect a headquarters camp with 
^^ephone Unea distant and important lookout towers, ranger cabins, 

and summer resorts. This system will be still 
further extended during the summer of 1913. 

Other important protective measures were the " brushing out " of 
trails ; the cutting of old stubs, chiefly birch, for a distance of 6 rods 
on each side of 69 miles of roads and fire lines ; the burning of dan- 
gerous slashings on 1,800 acres; and the construction of 5 bridges, 4 
ranger cabins, and 4 lookout towers. 

The cost of this work in Wisconsin was a little over $26,000. 

RESULTS ACCOMPLISHED. 

There were many practical results of cooperation under the Weeks 
law. Hundreds of fires left by campers, fishermen, and hunters, 
or set by careless smokers and by locomotives, were discovered 
by the patrolmen and promptly extinguished. Great progress was 
made en permanent improvements that will simplify future fire 
control and prevention. But in addition to these tangible results, 

which have been apparent from the start, the educa- 
oa^ pni)Uc Is edu- tional value of the work although not measurable has 

been far reaching. Except in a few States, the last 
two years were the first when any systematic State patrol of the 
forests was conducted. It marked the general extension of the State 
organization cooperating with the Federal Government in getting 
out among the people; m educating them, through the actual work 
done, of the need and value of fire protection; and in encouraging 
their cooperation. 
The most effective work of the patrolmen was in warning persons 

met in the woods of the danger of setting fires, and 
Warnings given, ij^forming them of the fire laws. The patrolmen 
were generally instructed to record the names and addresses of fish- 
ermen, hunters, and campers whenever possible and to send them to 
the district chief. In New Hampshire, in 1911, 4,200 warnings of 
this sort were given; more than half the names were recorded, and 
forwarded to the ofiice of the State forestry commission. Before the 
fire season of 1912 a copy of the fire laws was sent to each of these 
persons. 
Sportsmen, loggers, and others who travel the woods are taking 

greater care in the use of fire; quicker notifications 

pubUo***' ^'^ ^ ^^ ^^® ^^® given to the proper State oflScer, while 

before they at best were desultory. Many private 
owners who were skeptical at the start later saw the practical value of 
the work and began cooperating in it and contributing toward it. 
The increased interest of the public was shown by the widespread 
demand for information on fire protection received by the various 
State foresters and by the Federal Forest Service. 
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The first direct result of the Weeks law in encour- 
•noonxitJiL'*******'* aging State le^slation was the passage by the Con- 
necticut Assembly of the following act: 

Ghaftbs 292. 
An Act Concerning Pbevention of Fobest Fibes. 

Be it enacted by the Benate and House of Representatives in General Assembly 
convened: 

Section 1. The State forest fire warden may take such action as he may deem 
necessary to provide for the prevention and control of forest fires in groups of 
towns, and is hereby authorized to enter into an agreement with the Secretary 
of Agriculture of the United States, under authority of the act of Congress of 
March 1, 1911, for the protection of the forested watersheds of navigable streams 
in this State. Said State forest fire warden may appoint patrolmen, who shall 
receive not more than twenty-five cents per hour for time actually employed, 
and may establish and equip fire lookout stations and furnish necessary equip- 
ment for such patrolmen. 

Sec 2. Any patrolman appointed for such purpose by said State forest fire 
warden may arrest, without warrant, any person taken by him in the act of 
violating any of the laws of this State for the protection of forest and timber 
lands. 

Sec. 3. The disbursements of the State forest fire warden in carrying out 
the purposes of this act shall be paid by the State from the appropriation for 
fire wardens. 

Sec. 4. This act shall take effect from its passage. 

Approved, September 26, 1911. 

The first question that naturally occurs to one looking for measur- 
able results is how far the expenditures succeeded 
«-^I?f}ii*^«,I^^* in pre vent inff fire losses. Maine and New Hampshire 

In MLving property. * ^ . , . .P. i ^ j.* i -^ • 

furnish striking examples of comparative losses m 
1903 and 1911, two of the most dangerous fire years on record in 
these States. The comparison is based only on the watersheds where 
cooperative fire protection between the Federal Government and the 
State and timberland owners was established last year. 



Year. 



1903 
1911 



Season of drought. 



Apr. 17 to June 6 

Apr. Id to June 1, June 20 to July 17. 



Maine. 



Acres 

burned. 



172,040 
91,471 



Damage. 



$679,423 
154,284 



New Hampshire. 



Acres 

burned. 



84,255 
10,926 



Damage. 



$200,000 
34,036 



While the danger season of 1911 was longer and generally con- 
sidered to be the more severe, the area burned over and the amount 
of damage were considerably less than in 1903, and the decrease 
without doubt can be attributed in great measure to the protection 
afforded in 1911, as compared with the almost utter lack oi it, except 
by a few private owners, in 1903. 



EXTENDING COOPEBATIVE PBOTECTION. 

The Federal Government desires to extend this cooperative pro- 
tection to other States. To secure its benefits they must enact a 
forest-fire law and must appropriate funds for administering it. 
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Few more effective steps could be taken by many States toward the 
conservation of resources which support important industries than 
to inaugurate systematic fire protection. The fact that the imme- 
diate financial interests of timber owners make them backward in 

undertaking this insurance of their industry is an 
tab?\he*ieadf additional reason for the States to take the lead. 

The readiness of the Federal Government to cooper- 
ate with the States, under the terms of the Weeks law, as soon as the 
State makes a start, is an incentive to immediate action. 
A' State forest-fire law should provide, in addition to an organiza- 
tion to fight fires, a patrol force for fire prevention. 
8ho2d*pr«vWe. ^^ ^ general defect in fire laws is that they provide 

only for fighting fires and not for patrol. The law 
should, of course, carry an adequate appropriation; the most serious 
defect has been the inadequacy of appropriation. To protect the 

National Forests costs about 2 cents an acre annu- 
Oo8t of protection, ally; the Biltmore tract in North Carolina, about 6 

cents an acre ; and the lands of the various timber- 
land protective associations in the Northeastern and Northwestern 
States, from 2 to 4 cents an acre. It is probable that the State can 
secure efficient protection for 1 cent an acre, if the larger private 
owners will assist by contributing toward the protection of their 
own lands. If, for example, a State contains 5,000,000 acres of for- 
est land which needs protection, an annual expenditure of $50,000 
should be sufficient to handle the work effectively. It is improbable 
that a State would appropriate this amount at the beginning; an 
appropriation of $10,000 or even less would be sufficient to start the 
work and demonstrate its value. 
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The form of agreement between the Secretary of Agriculture and 
the State for the protection from fire of the forested watersheds of 
navigable streams is as follows : 

TlNii^ States Dbpabtment of Aobicultube. 

Agreement for the protection from fire of the forested watersheds of navigable 
streams under section 2, act of March 1, 1911 {36 8tat„ 691). 

This afcreement, made by and between the Secretary of Agricnltnre of the 
United Statt^, under authority of section 2 of the act of Congress approved 

March 1, 1911 (80 Stat., 601), and the State of by and through its State 

Forestry Commission, wltnesseth: 

That whereas the said State has requested the cooperation of the said Secre- 
tary in the protection from fire of the forested watersheds of navigable streams; 
and 

Whereas the said State has provided by law for a system of forest-fire' 
protection ; 

Now, therefore, the said parties do mutually promise and agree with each 
other as follows : 

1. To establish and maintain a cooperative fire-protective system covering any 

or all private or State forest lands within the State of and situated upon 

the ^^tershetls of navigable rivers ; and to furnish for this purpose Federal and 
State patrolmen or to take such other protective measures as may be deemed 
advisable, under the conditions hereinafter provided. 

2. The State commission shall furnish maps showing the watersheds and 
areas which are proposed to be protected und^ this agreement. The coopera- 
tion shall be limited to such watersheds and areas in so far as they sbsill be 
approved by the Secretary. The said commission shall indicate the periods 
during which protection from forest fires is proposed under this agreement ; tiie 
number of patrolmen, with their stations, wliich wiU be employed by the State ; 
the character and extent of oth^r protective measures which it is proposed to 
put into eftect at the expense of the State; and the localities in whi<^ it is 
de^red to place Federal patrolmen furnished by the Forest Service. 

S. The State fore«*ter of , acting as an employee of the State commis- 
sion, shall be appointed collaborator tn the Forest Service of the United States 
I>epartment of Agriculture at a salary of one dollar ($1) a months and acting 
tu such capacity shall have direct charge of the force of Federal patrolmen 
employed under this agreement. The State forester ^lall s^ect the Federal 
patrolmen, subject to approval by the Secretary, instruct them «• writimg as to 
their duties, supervise their work, and certify to their services on pay rolls of 
the Forest Service^ 

4. The Federal patrolm^i so selected shall be appointed as tenqporary laborers 

in the Forest Service at a per diem rate not exceeding dc^lars (^ ) ; 

provided that they shall be emi>loyed exclusively in the protection of areas on 
the watersheds of navigubie rivers which shall have been ap^HToved by the said 
Sev.'retary. 

o. This agreement contemplates the employment under (wdinary eonditi<»is 

of tli*e hazard ot not to exceed Federal patrolm«i. or in case of emergency 

of not ti> exceed Fei'.eral patrolmen in the discretion ot the collaborator. 

provided that in case of serious emergency the latter number may be increased 
wiih the approval of the Forester. 

12 
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6. The State commission shall secure for the Federal patrolmen furnished 
under this agreement, by appointment as deputy State fire wardens or other- 
wise, without additional compensation, such police powers for the prevention 
and control of forest fires as may be granted under the laws of the State of 
, and shall equip such Federal patrolmen with such fire-fighting tools or 

^ devices and shall authorize them to employ such assistance in fighting fires as 
its funds and the State fire laws and regulations will permit. 

7. The total sum to be expended by the Federal Grovemment during any 
Federal fiscal year for the purposes of this agreement may equal but shall not 

exceed dollars ($ ) ; but in no case shall the amount expended by 

the Federal Government in any Federal fiscal year exceed the amount appro- 
priated by the said State for and expended by it during the samf period for 
the purpose of protecting from fire forested watersheds of navigable streams in 
said State. This agreement contemplates an expenditure of State funds of at 

least dollars ($ ) ; and in the event of such expenditure falling below 

said amount the Federal expenditure will be decreased proportionately. 

8. Payment for the services of Federal patrolmen employed under this agree- 
ment shall be made at the end of each calendar or fractional month on vouchers 
certified by the State forester as collaborator, and forwarded to the Forester, 
Forest Service, Washington, D. C, provided that no patrolman will be employed 
except during the real danger season from forest fires on the watersheds and 
areas approved by the Secretary under this agreement. 

9. The said Secretary and his authorized representative shall have full au- 
thority to inspect the protective areas and the force herein authorized, and at 
his option, by giving the State commission written notice, may withdraw his 
approval of any such area or portion thereof, or terminate the employment of 
any Federal patrolman or patrolmen or of the State forester as collaborator 
in the Forest Service. 

10. The State forester shall be responsible for seeing that each patrolman 
keeps a vigilant lookout for forest fires in or threatening his district, and that 
he makes every possible effort to extinguish such fires as occur whether they 
are on lands belonging to the State, the Federal Government, or a private owner, 
provided that during the patrol period when in the judgment of the State 
forester patrol is unnecessary the patrolmen may be used on other fire-protection 
work. The State forester or his representative shall from time to time make 
such personal inspection of the cooperative fire-protection work done under this 
agreement as may be necessary to promote the effectiveness of said work. 

11. The said State forester shall, with respect to all private forest land 
afforded protection against fire under this agreement, use every proper means 
to bring about the active cooperation of the owner in such protection, including 
aid from him in the form of hire of one or more patrolmen, construction of 
permanent Improvements, and the like. 

12. Both the State commission and the Forest Service of the United States 
Department of Agriculture shall have equal right to publish the results of the 
cooperation under this agreement: Provided, That any results intended for 
publication, except press notices of momentary or local interest, be approved 
by the commission and by the Secretary. In all such publications it shall be 
plainly stated that the results were secured through cooperation between the 
commission and the Secretary. 

13. This agreement shall become effective on the day of , 191 — , 

nnd shall continue in force thereafter, subject, nevertheless, to the availability 
of funds appropriated by Congress by the act of March 1, 1911, for the purposes 
herein mentioned, and to any amendments which may be made hereof by mutual 

^ agreement of the parties ; and it is expressly understood that this agreement or 
any modifications hereof may be terminated by either party upon thirty (30) 
days* written notice to the other. 

In witness whereof the said commission has hereunto caused its name and seal 

to be affixed by its proper officers, on the day of , 191 — , and the 

said Secretary has hereunto set his hand and affixed his official seal on the date 
below written. 

, 

President, State Forestry Com/niission, 

, 

Secretary of Agriculture. 

Signed and sealed by the Secretary of Agriculture this day of , 191 — . 
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FOBM OF AOBEEMENT. 

The form of agreement between the Secretary of Agriculture and 
the State for the protection from fire of the forested watersheds of 
navigable streams is as follows : 

United States Defastment of Agbicttltube. 

Agreement for the protection from fire of the forested watersheds of navigable 
streams under section 2, act of March i, 1911 (36 Btat,, 691). 

Tbig agreement, made by and between the Secretary of Agriculture of the 
United States, under authority of section 2 of the act of Ck>ngre88 approved 

March 1, 1911 (36 Stat., 691), and the State of by and through its State 

Forestry Commission, witnesseth: 

That whereas the said State has requested the cooperation of the said Secre- 
tary in the protection from fire of the forested watersheds of navigable streams ; 
and 

Whereas the said State has provided by law for a system of forest-fire' 
protection ; 

Now, therefore, the said parties do mutually promise and agree with each 
other as follows: 

1. To establish and maintain a cooperative fire-protective system covering any 

or all private or State forest lands within the State of and situated upon 

the watersheds of navigable rivers ; and to furnish for this purpose Federal and 
State patrolmen or to take such other protective measures as may be deemed 
advisable, under the conditions hereinafter provided. 

2. The State commission shall furnish maps showing the watersheds and 
areas which are proposed to be protected under this agreement. The coopera- 
tion shall be limited to such watersheds and areas in so far as they shall be 
approved by the Secretary. The said commission shall indicate the periods 
during which protection from forest fires is proposed under this agreement ; the 
number of patrolmen, with their stations, which will be employed by the State ; 
the character and extent of other protective measures which it is proposed to 
put into effect at the expense of the State; and the localities in which it is 
desired to place Federal patrolmen furnished by the Forest Service. 

3. The State forester of , acting as an employee of the State commis- 
sion, shall be api)ointed collaborator in the Forest Service of the United States 
Department of Agriculture at a salary of one dollar ($1) a month, and acting 
in such capacity shall have direct charge of the force of Federal patrolmen 
employed under this agreement. The State forester shall select the Federal 
patrolmen, subject to approval by the Secretary, instruct them in writing as to 
their duties, supervise their work, and certify to their services on pay rolls of 
the Forest Service. 

4. The Federal patrolmen so selected shall be appointed as temporary laborers 

in the Forest Service at a per diem rate not exceeding dollars ($ ) ; 

provided that they shall be employed exclusively in the protection of areas on 
the watersheds of navigable rivers which shall have been approved by the said 
Secretary. 

5. This agreement contemplates the employment under ordinary conditions 

of fire hazard of not to exceed Federal patrolmen, or in case of emergency 

of not to exceed Federal patrolmen in the discretion of the collaborator, 

provided that in case of serious emergency the latter number may be increased 
with the approval of the Forester. 
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6. The State commission shall secure for the Federal patrolmen furnished 
under this agreement, by appointment as deputy State fire wardens or other- 
wise, without additional compensation, such police powers for the prevention 
and control of forest fires as may be granted under the laws of the State of 
, and shall equip such Federal patrolmen with such fire-fighting tools or 

^ devices and shall authorize them to employ such assistance in fighting fires as 
Its funds and the State fire laws and regulations will permit. 

7. The total sum to be expended by the Federal Government during any 
Federal fiscal year for the purposes of this agreement may equal but shall not 

exceed dollars ($ ) ; but in no case shall the amount expended by 

the Federal Government in any Federal fiscal year exceed the amount appro- 
priated by the said State for and expended by it during the samf x)eriod for 
the purpose of protecting from fire forested watersheds of navigable streams in 
said State. This agreement contemplates an expenditure of State funds of at 

least dollars ($ ) ; and in the event of such expenditure falling below 

said amount the Federal expenditure will be decreased proportionately. 

8. Payment for the services of Federal patrolmen employed under this agree- 
ment shall be made at the end of each calendar or fractional month on vouchers 
certified by the State forester as collaborator, and forwarded to the Forester, 
Forest Service, Washington, D. G., provided that no patrolman will be employed 
except during the real danger season from forest fires on the watersheds and 
areas approved by the Secretary under this agreement. 

9. The said Secretary and his authorized representative shall have full au- 
thority to inspect the protective areas and the force herein authorized, and at 
his option, by giving the State commission written notice, may withdraw his 
approval of any such area or portion thereof, or terminate the employment of 
any Federal patrolman or patrolmen or of the State forester as collaborator 
in the Forest Service. 

10. The State forester shall be responsible for seeing that each patrolman 
keeps a vigilant lookout for forest fires in or threatening his district, and that 
he makes every possible effort to extinguish such fires as occur whether they 
are on lands belonging to the State, the Federal Government, or a private owner, 
provided that during the patrol period when in the judgment of the State 
forester patrol is unnecessary the patrolmen may be used on other fire-protection 
work. The State forester or his representative shall from time to time make 
such personal inspection of the cooperative fire-protection work done under this 
agreement as may be necessary to promote the effectiveness of said work. 

11. The said State forester shall, with respect to all private fores*- land 
afforded protection against fire under this agreement, use every proper means 
to bring about the active cooperation of the owner in such protection, including 
aid from him in the form of hire of one or more patrolmen, construction of 
permanent Improvements, and the like. 

12. Both the State commission and the Forest Service of the TJnited States 
Department of Agriculture shall have equal right to publish the results of the 
cooperation under this agreement: Provided, That any results intended for 
publication, except press notices of momentary or local interest, be approved 
by the commission and by the Secretary. In all such publications it shall be 
plainly stated that the results were secured through cooperation between the 
commission and the Secretary. 

13. This agreement shall become effective on the day of , 191 — , 

find shall continue in force thereafter, subject, nevertheless, to the availability 
of funds appropriated by Congress by the act of March 1, 1911, for the purposes 
herein mentioned, and to any amendments which may be made hereof by mutual 

^ agreement of the parties ; and it is expressly understood that this agreement or 
any modifications hereof may be terminated by either party upon thirty (30) 
days' written notice to the other. 

In witness whereof the said commission has hereunto caused its name and seal 

to be aflaxed by its proper officers, on the day of , 191 — , and the 

said Secretary has hereunto set his hand and affixed his official seal on the date 
below written. 

, 

President, State Forestry Cormnission. 

, 

Secretary of Agriculture. 

Signed and sealed by the Secretary of Agriculture this day of , 191 — . 
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FIBE-FLAN MAF. 

The accompanying map of the northern district of New Hampshire, 
including a portion of the cooperative watersheds, is an example ot 
the kind which should accompany a fire-protection plan. The map 
shows, in addition to the headquarters or members of the fire force, 
the routes of patrolmen and the location of lookout stations, telephone 
lines, and tool-supply boxes. 

This district has an area of approximately 1,000,000 acres. It is 
supervised by a district chief, under whom are patrolmen, lookout 
watchmen, and fire wardens. In this district in 1912 the expenditures 
for fire protection were as follows : 

State $4, 850 

New Hampshire Tlmberland Owners Association 5, 270 

Federal Government 2, 580 

Total 12, 700 

At $12,700 for the protection of 1,000,000 acres, the rate is about 
1^ cents per acre. 
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COMMERCIAL CREOSOTES WITH SPECIAL REFERENCE 
TO PROTECTION OF WOOD FROM DECAY 



PTTBPOSB OF THE STTTB7. 

The aim of this circular is to tell the more important sources of 
wood-preserving creosotes, the methods used in their production, 
their general properties, and the quality, price, and quantity of the 
creosotes annually consumed in this country. As a whole, it is 
intended more for the consumer who is unfamiliar with the various 
products sold as creosote than for the chemist or manufacturer, who 
is well informed on their technical quaUties. 

For some years the Forest Service has conducted investigations 
regarding the properties and methods of analysis of various creosotes 
and the more important of the results secured have been published.* 
This work has been, and will be, continued. The major part com- 
pleted at the present time, which is embodied in this report, is an 
investigation of the quality and prices of the creosotes available com- 
mercially. For this study, samples of creosote were collected from 
manufacturers and dealers throughout the country and were criti- 
cally analyzed. At the same time, information was secured from the 
dealers as to prices, and statistics were collected on the annual con- 
sumption.2 

Further and more extensive investigations are now under way at 
the Forest Products Laboratory maintained in cooperation with the 
University of Wisconsin, at Madison. Samples of a large number of 
authentic coal tars, oil tars, and wood tars have been collected, from 
which creosotes are being distilled and critically analyzed and exam- 
ined. At the same time experiments are being conducted to deter- 
mine the comparative efficiency of various creosotes as wood pre- 

1 Forest Service Circular 80, Fractioiial Distillation of Coal-Tai: Creosote, by Arthur L. Dean and Ernest 
Bateman; Circular 08, Quantity and Character of Creosote in Well-Preserved Timbers, by Gellert Alleman; 
CStaoular 112, Analysis and Grading of Creosotes, by Arthur L. Dean and Ernest Bateman. 

> Mr. H. F. Weiss, assistant director, forest products laboratory, planned the work and collected the 
samples of creosote. Mr. Ernest Bateman, chemist in forest products, furnished much of the information 
and directed the analysis of the samples. Mr. C. H. Teesdale» assistant engineer in forest products, actu- 
aUy conducted the analyses. 
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servatives. It is hoped that through this work the wood-preserving 
value of any creosote can be foretold with a fair degree of certainty 
for any specific condition of service, simply by a knowledge of its 
physical and chemical characteristics without regard to its source or 
method of production. 

Because of the present lack of knowledge of the properties of all of 
the various creosotes which may be produced, the terms, definitions, 
and classifications proposed and used in this publication are subject 
to criticism and possible future modification. The limits described 
for the several classes are based on physical and chemical properties 
possessed by creosotes produced from the sources, or by the methods 
specified. It is possible that creosotes from other sources maybe 
found to possess similar properties, yet no other method which will 
indicate the source more satisfactorily than that discussed in this 
pubUcation is now known to the Forest Service. 

DBFINTTIONS. 

Much misunderstanding exists as to the meaning of the term '' creo- 
sote.' ' It is defined by the Standard Dictionary as *'a colorless to 
yellowish oily liquid compound consisting of a mixture of phenols 
distilled from wood, and having a smoky odor and burning taste. It 
is a powerful antiseptic and is used for the preservation of timber, 
meat, etc.; called also oil of wood tar and oU of smoke.'' AUen, in 
his Commercial Organic Analysis, says: *'The name 'kreosot' was 
first applied by Reichenbach, in 1832, to the characteristic anti- 
septic principle contained in wood tar. Carbolic acid was discov- 
ered soon after by Runge in coal tar, and was long confused with the 
wood-tar principle; and the crude carboUc acid from coal tar is still 
known as 'coal-tar creosote.' Somewhat similar products are now 
obtained from other sources, so that much confusion has arisen. The 
term ' creosote,' when used without qualification, ought to be imder- 
stood as signifying the product from wood tar, but it is better to de- 
scribe Reichenbach's body as 'wood-tar creosote,' and employ the 
unqualified word 'creosote' in a generic sense as meaning the mixed 
phenols and phenoloid bodies obtained from wood tar, coal tar, blast- 
furnace tar, shale oil, bone oil, or other sources." 

In its original meaning, therefore, the term ''creosote" was applied 
to a product obtained from wood, and the term is still used thus in 
pharmacy, and refers to a refined product derived from the destructive 
distillation of beech or other hardwood. However, with the develop- 
ment of both the wood-preserving and the coal-tar industries, the 
term "creosote oil," frequently abbreviated to "creosote," gradually 
came to be applied to the heavy distillates from coal tar, and the use 
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of the term has become more and more extended until^ at the present 
time, it is coramonly used in referring to the distillates heavier than 
water from any tars or tarlike substances, and is even erroneously 
used to cover products containing admixtures of undistilled tar or 
pitch. As a result of this lax use of the word it conveys but little 
to those conversant with the subject and is confusing to those unfa- 
miliar with commercial practice. More specific terms are evidently 
needed to properly diflFerentiate between the various creosotes. 
The most useful classification from the wood preserver's poiQt of 
view would be one based upon the merits of the various products, 
but lack of sufficient data renders this impossible. The only practical 
classification at present must be based upon the source and method 
of production. The following terms and definitions are suggested, 
and will be used ia this publication: 

1. Creosote is a distillate heavier than water obtained by the distil- 
lation of a tar or a tarlike substance. 

2. Coal-tar creosote is a creosote derived from coal tar produced 
by the destructive distillation of coal at a temperature high enough 
to produce a tar consisting, for the most part, of hydrocarbons of the 
aromatic series.* 

3. Oil-tar creosote^ is a creosote derived from oil tar. This tar 
may be obtained from the destructive distillation of petroleum in a 
gas retort) producing oil gas as a main product and oil-gas tar as a 
by-product, or by the cracking of gas oil in the carburetor of a water- 
gas plant producing carbureted water gas as a main product and 
carbureted water-gas tar as a by-product. 

4. Wood-tar creosote is a creosote derived from a tar produced 
by the destructive distillation of wood. 

5. Mixed creosote is a creosote produced by mixing other material 
with a given creosote, such as another creosote, pitch, undistilled 
tar, or petroleum, or it may be secured by the distillation of a mixture 
of two or more tars or tarlike substances. In view of the similarity 
between certain mixed creosotes and creosotes obtained by the 
distillation of coal tar, produced at temperatures sufficiently low to 
permit the production of hydrocarbons of the paraffin series, these 
latter distillates are also classed imder this heading. The terms 
** mixed coal-tar creosote,''' ''mixed oil-tar creosote," and ''mixed 
wood-tar creosote'' may be used according to the character of the 
material which predominates m the mixture. 

I Creosote secured from coal tar produced at sufficiently low temperature to permit the production of 
bydrocarbons of the paraffin series might also be included under the name of coal-tar creosote, but in view 
of the paraffin hydrocarbons it is classed in this publication as mixed coal-tar creosote. 

s Inasmuch as the derivatives of oil-gas tars and water-gas tars contain no phenoloid bodies, the use of the 
term *' creosote" in this connection might, from a purely technical standpoint, be considered erroneous. 
However, the term is used commercially at the present time in this connection, and a careful consideration 
of the various definitions used in this publication should prevent any misunderstanding. 
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PBOBxronoK of gbbosotbs.^ 

SOUBCE OF TABS. 

Although there are a variety of tars from which creosotes may be 
produced, the most important commercial ones may be classified as 
coal tars, oil tars, and wood tars. The sources and general methods 
of production of these tars are as follows: 

Coal tars. 

The important coal tars are derived chiefly from two sources: The 
destructive distillation of bituminous coal at high temperatures and 
the combiaed distillation and combustion of bitumiaous coal at com- 
paratively low temperatures. The first, which furnishes • by far 
the greater proportion of the total supply, is produced in the manu- 
facture of coke and gas in by-product retorts and gas-house plants. 
Bituminous coal is destructively distilled at temperatures varying 
from 1,500'' F. to 3,000*^ F., until the chaj^e has been reduced to 
coke. During the process the ammoniacal liquor and tar are sepa- 
rated from the generated gases by condensation and washing. The 
tars naturally vary in their properties according to the character 
of the coal, and of the retorts, and according to the temperatures used. 
These factors in turn are lai^ely dependent upon which of the two 
main products, gas or coke, is primarily desired; tar acids, however, 
are always present in the tars and usually the temperatiu*es are 
sufficiently high in both cases to produce tars consisting largely of 
hydrocarbons of the aromatic series. 

Coal tars produced at relatively low temperatures differ from 
those produced at higher temperatures in the character of their 
hydrocarbons. Since the temperatures are not high enoi^h to 
transform all of the hydrocarbons to the aromatic series, the tars 
contain, to a greater or less extent, hydrocarbons of the parafBn 
group. Tars secured from blast furnaces using bituminous coal 
as fuel and from the Mond producer plants, where bituminous coal 
is used in the manufacture of gas for power purposes, are representa- 
tive of this group. The production of such tars, however, is not 
extensive in this country. 

Oil tars. 

Of the oil tars, that produced in the manufacture of watOT gas is by 
far the most important in its relation to the manufacture of creosote. 
The method of production is, in general, as follows: The ''generator" 
is chained with coke or anthracite coal, which is burned by the aid 
of an air blast to a cherry red. The hot gases so formed are passed 

1 Creosotes consist of complex mixtures of organic compounds, which may, however, he grouped iatom 
eomparatlvely few classes distinguished by their characteristio physiccd and chemlcftl properties. For a 
more complete discussion the reader is referred to any standard textbook <m oxganic chemistry. 
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through the ''carbureter" and "superheater," which consist of ver- 
tical cylindrical chambers filled with a checker work of fire brick. 
After these bricks are heated to the proper temperature the air blast 
is discontinued and steam is blown into the generator. The gases 
formed by the contact of the steam with the hot coke or coal pass 
into the carbureter, into which petroleiun ''gas oil" is sprayed at 
the same time. This oil is partially cracked by the high temperature 
of the fire brick and combines with the gases from the generator to 
increase their illuminating power; the process of cracking continues 
through the superheaters. The gas is then passed to the condensers 
and washers, where tar is condensed and collected. This tar differs 
in its constituents from coal tar produced in the by-product coke 
ovens and gas retorts both in the absence of tar acids and in the 
presence of hydrocarbons of the paraffin series; usually, however, 
the quantity of paraffin hydrocarbons present is comparatively 
small. 

Some oil tar also is produced by the destructive distillation of crude 
petroleum in the manufacture of oil gas. In tars from this source 
the quantity of paraffin hydrocarbons present is generally much 
greater than in that produced in the manufacture of carbureted 
water gas. 

Wood tars. 

Wood tar is produced in a manner somewhat similar to that in 
which by-product coal tar is formed. Wood is destructively distilled 
in retorts, and charcoal is produced, together with gas and a liquid 
distillate which consists largely of pyroligneous acid and a product 
called crude tar. The tar and acid are separated by settling and 
by distillation. Wood tars are quite different from coal tars and con- 
tain, in particular, less of the aromatic hydrocarbons. 

DISTILLATION OF CREOSOTE FROM TARS. 

From any or all of the foregoing tars, either alone or in mixture, 
creosote may be produced. The general process of manufacture is 
similar in all cases. The tar is distilled in a metal retort or still and 
the vapors are condensed and collected. Those distillates which are 
heavier than water form the true creosotes used in wood preservation. 
The temperatures at which the creosotes are obtained vary greatly, but 
generally lie between about 200® and 360** C. The actual tempera- 
tures in each case depend largely upon the character of the residue 
desired. In the United States the manufacture of creosote from coal 
tar is generally secondary to the manufacture of soft pitch; and in 
such cases the maximimi temperature during the distillation is com- 
paratively low. In Europe, on the other hand, coal tar is distilled 
largely for the production of the coal-tar dyes, and the distillation 
436ir-«Cir. 206—12 2 
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is carried to higher temperatures. The creoeote, therefore, con- 
tains a relativeij greater amount of the higher boiling constituents 
than the American product. 

As abeady stated, pitch, undistilled tar, or other similar materials 
are frequently mixed with a creosote, and while such mixtures are 
sometimes sold as creosotes, the term is improperly applied except as it 
relates to the distilled product. 

QBNBBAIi BSaXTIBBMBNTS OF WOOD-FBESBBVINa OILS. 

The "value of any creosote as a preseryative against decay is funda- 
mentally dependent upon its ability to prevent the development of 
wood-destroying fungi. This prevention may be accomplished in 
either of the following ways : 

1. By introducing a material suj£ciently poisonous to wood- 
destroying fungi to prevent their development. 

2j_ By introducing a material which will sufficiently exclude moist- 
ture or air to reduce the amount of either below that reqidred by the 
fungi for their development. 

In the past the creosotes which have been successful have generally 
possessed, at least to some extent, both of these properties; but the 
first is generally considered the more essential. In recent years, 
however, there has been some tendency to use materials not markedly 
antiseptic, but primarily intended to exclude moisture. As yet, 
however, it has not been completely demonstrated, nor generally 
accepted, that a product can be obtained to fullfil entirely the 
second requirement. 

Aside from these considerations, it is of coiurse essential that the 
creosote be of such a nature as to remain in the wood for the desired 
period of protection. In this connection its relative solubility in 
water and its volatility are important. However efficient it may 
be in poisoning the food supply or preventing the absorption of 
moisture, if it will not remain in the wood with a considerable degree 
of permanence, its ultimate value will be small. Where the treated 
wood is to be placed in wet situations or under water, as in the case of 
piling, a soluble preservative is inefficient; and a volatile preservan 
tive is especially imsuited for timbers exposed to the air in warm 
climates. 

The relative ease with which a preservative can be injected is of 
much importance in wood-preserving operations; for this reason a 
product which is not sufficiently fluid at temperatures which can be 
conveniently used at commercial treating plants is imdesirable. The 
presence of free carbon is known to decrease the penetrance of creosote 
and for this reason is objectionable. 
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COMPOSITION AND PBOPBBTIES OF CBBOSOTES. 

The complexity of the many hydrocarbons and their derivatives 
which may be produced in the destructive distillation of coal, oil, and 
wood, makes it impossible to state precisely the nature of the various 
constituents of all creosotes. However, they may be broadly divided 
into two classes, compounds of the aromatic series and compounds of 
the paraffin series. The characteristic difference between the two lies 
in the greater chemical activity of the former. Coal-tar creosote con- 
sists almost wholly of aromatic compounds, and the long period of 
successful use of such creosote has led to the general feeling that these 
constituents are the more desirable. 

The compounds of the aromatic series may be divided into three 
groups, as follows: (1) "light oik," which distill below 205° C. and 
consist largely of phenols and cresols, or tar acids; (2) naphthalenes, 
which distill between approximately 205® and 255® C; and (3) con- 
stituents of an anthracene nature distilling above 255® C, which will 
be referred to collectively as " anthracenes.' ' Some or all of these 
are found in most creosotes. 

Of these constituents the tar adds possess the highest antiseptic 
properties; they are, however, soluble in water and are more volatile 
than the other constituents. The naphthalenes and anthracenes 
are neither so antiseptic nor so volatile as the tar acids and are 
practically insoluble in water. There is much discussion as to the 
relative value of these different constituents, but, largely as a result 
of experience, the presence of tar acids is believed by many to be 
essential. While a large proportion of naphthalene is sometimes 
advocated, particularly for the preservation of piling, a reduction in 
the quantity of this constituent, with a corresponding increase in the 
amount of anthracenes, is believed to increase the value of a creosote 
for general purposes. 

COAL-TAR CREOSOTES. 

Figure 1 * shows graphically the derivation and general composition 
of coal-tar creosote. The relative quantity of tar acids, naphtha- 
lenes, and anthracenes will of course vary according to the character 
of the tar and the temperatiu'es used during its distillation, but 
generally the tar acids present will not exceed 5 per cent, the naph- 
thalenes will comprise from 15 to 50 per cent, and the anthracenes 
will comprise the remainder. As previously defined it contains 
practically no paraffin hydrocarbons. The creosote as a whole is 
antiseptic, insoluble in water, and somewhat volatile; it is sufficiently 

> In figs. 1 and 2, and Table 1, the term ''solid at room temperature" (20* C.) is used in describing the 
condition of certain of the fractions distilled from creosote, when, at the ordinary temperature of a room, 
they retained their position in tbe noeiving flask when vigorously shaken. 
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free from ''free carbon/' and fluid enough at temperatures used in 
commercial treating plants, to offer no great resistance to entrance 
into the wood. 



BITUMINOUS COAL. 



GAS. 



TAR. 



COKE. 



OILS UOHTEf? THAN WATER. OILS HEAVIER: 

THAN WATER. 



PITCH. 



DISTILLATION UMITS AND GENERAL NATURE OF THE AROMATIC CONSTITUENTS. 



U6HT OILS. 
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UQUIOAT ROOM 
TEMP.. 



NAPHTHALEN ES . CONSTITUENTS OF AN ANTHRACENE NATURE 
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Fio. 1.— Derivation and general oompasitioa of coal-tar creosote. 
WATBE-GAS-TAR CBEOSOTES. 

Of the oil-tar creosotes, that from water-gas tar is practically the 
only one used for wood preservation. Figure 2 illustrates its deri- 
vation and general composition. This creosote is no more volatile 
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STEAM 

AND 

PETROLEUM. 



r 
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OILS LIGHTER 
THAN WATER. 



TAR. 
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WATER . 
CREOSOTE . 
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PITCH OR COKE. 



GENERAL DISTILLATION LIMITS OP THE CONSTITUENTS. 



POSSIBLY 
NAPHTHALENE 



SOLID AT ROOM 
TEMR. 



105^C. 



POSSIBLY OFAN ANTHRACENE NATURE BUT GENERALLY 
CONTAINING PAFAFFIH HYDRO-CARBONS. 



LIQUID AT ROOM 
TEMP. 



Z55*C, 



SOLID AT ROOM 
TEMP.. 



296*C. 
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S40C. 



360*C. 



Fig. 2.~I>eriyation and general composition of water-gas-tar creosote. 

nor soluble in water than coal-tar creosote, contains no "free carbon," 
and offers no marked resistance to entrance into the wood. In fact, 
water-gas-tar creosote may be produced which on fractional distilla- 
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tion will display a great similarity to coal-tar creosote. There is a 
difference, however, in the constituents of the two creosotes, as shown 
by the difference in certain physical properties of fractions distilled 
from them at equal temperatures. Furthermore, water-gas-tar 
creosote is distinctive in the absence of phenols and cresols, and 
usually in the presence of hydrocarbons of the paraffin group; it is 
not so antiseptic as coal-tar creosote. 

WOOD-TAR CREOSOTES. 

Of the wood-tar creosotes, that most used in the past has been 
secured from resinous woods. The derivation of such creosotes is 
illustrated in figure 3. Lack of authentic data prevents even a gen- 
eral statement as to its constituents, but the proportion of tar acids 

RESINOUS WOODS. 



I 

GAS. UQUID DISTILLATE. CHARCOAL. 



I 1 

PY^OLIGNEOUS ACID. CRUDE TAR. 



OILS LIGHTER THAN WATER. 
TURPENTINE. 



PITCH OR TAR 



OILS HEAVIER THAN WATER. 
CREOSOTE. 

Fig. 3.— Derivation of woodotar creosote from resinous woods. 

and volatile constituents is generally greater, and of naphthalene and 
anthracene much less, than in the coal-tar creosotes. Wood-tar 
creosotes have been used to some extent as wood preservatives for 
many years, but partly as a result of their comparatively high cost 
and limited production and partly through lack of authentic data 
regarding their efficiency, they do not rank in importance with the 
other creosotes. 

MIXED COAL-TAR CREOSOTES. 

A large part of the creosote produced in this country falls into the 
class of mixed coal-tar creosote. Some is made by the mixture of 
undistilled coal tar, or oil tar, or pitch, with coal-tar creosote; some 
is produced by the partial distillation and combustion of bituminous 
coal at comparatively low temperatures; and some is secured through 
the manufacture of soft pitch when coal tar and water-gas tar are 
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distilled in admixture. The nature of all mixed coal-tar creosotes 
can not be described^ because their constituents and relative merits 
as wood preservatives vary in each case according to the materials 
used in their production and preparation. Admixtures of undis- 
tilled tar or pitch containing free carbon will, however, tend to 
decrease the penetrance of the creosote, while the admixture of prod- 
ucts which contain appreciable amounts of constituents of the 
paraffin series will doubtless affect in some measure the antiseptic 
properties of the creosote. 

106 



o 

I 



/.04- 






220"" 230" 240\ 2^0' 260" 270^ 260" 290"" 

Fio. 4.— LfOwer limits for spedflc gravities of fractions from coalrtar creosote. 

DISTINCTIVE PROPEBTIES OF COAL-TAR CREOSOTES AND MIXED COAL- 
TAB CREOSOTES. 

Whatever may be the individual opinion as to the merits of the 
various creosotes as wood preservatives, and no matter what creosote 
may be selected for use, it is obvious that the consumer ought to have 
some means of determining the source and natiire of the material 
which he purchases. The Forest Service has not as yet sufficiently 
investigated all creosotes to permit a definite correlation of their 
physical and chemical properties with sources and methods of pro- 
duction; but certain characteristic properties of authentic coal-tar 
creosotes and mixed coal-tar creosotes, from several sources, have 
been determined with a considerable degree of certainty. 
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The more important points to be noted are:*^ 

1. In the fractional distillation of the coal-tar creosotes the per- 
centages of distillate coming over between the same temperatures, 
although varying widely for different creosotes, fell within fairly 
definite limits. 
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Fio. 5.— Fractional distillation curves for samples classed as coal-tar creosotes (classes 1 and 2). 

2. With the coal-tar creosotes the fractions distilling above 320° C. 
did not melt at a temperature as low as 60° C, while similar fractions 
from creosotes with which petroleum products, such as water-gas-tar 

> Theee are discussed in Forest ServioeCircular 112, Analysis andOrading of Creoflotes, by A. L. Dean and 
E. Bateman. The method of analysis used in these investigations, and described in Circular 112, is re- 
printed in the appendix to this publication. 
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creosote or the undistilled tar had been mixed, generally melted at 
that temperature. 

3. With certain of the mixed coal-tar creosotes secured from coal 
tar produced by the combined distillation and combustion of bitumi- 
nous coal at comparatively low temperatures the proportion of tar 
acids was high as compared to that from the coal-tar creosotes. 
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4. The m<^t cpxvstafft^ an^ s^yi^^ble phpioftl properties were the 
ift<le5 of refraction ftft(i sp^ifi^, gr^^.ty of certftiA of the fractions. 
These properties ol fra^P^i.OJas^ ^^s^Bfo^g betw^A the aame temperature 
Mmits were imiifoj^mly IM^OT iw ^he ooi^l-tar creosotes, or those rich 
in aropmatfi^ l^y^j^oP^T^P/^iV^j^ ^^ f^i* those containing paraffin con- 
§t|i1|u^]i\ts. Aj| \ ;[^^ Ihe greater the quantity of paraffin hydrocar- 
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bons present in the fraction the lower the index of refraction and the 
specific gravity. 

5. The most satisfactory chemical test was the "sulphonation test.'' 
The residues from the sulphonation test were larger as the quantity 
of paraflSn hydrocarbons in the creosote increased. This is to 
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Fig. T.^Fractional distiUation curves for samples classified as mixed coal-tar creosotes (class 1). 

be expected, because, with the exception of a possible oily residue, 
which is readily soluble in caustic alkalies, there is no residue from 
aromatic hydrocarbons alone. 

From these results it was possible to drvido the creosotes which 
were examined into several classes according to their properties. A 

43611**— Cir. 206—12 a 
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classification adapted from that given in Circular 112 is here tenta- 
tively proposed.* 

Coal-tar creosotes. 

Coal-tar creosotes consist almost entirely of aromatic compounds, 
but are divided into two classes, according to the relative proportion 
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Fio. 8.— Index of refraction curves for samples classified as mixed coal-tar creosotes (class 1). 

of high and low boiling constituents. Their characteristic properties 
are as follows: 

Class 1. — On a fractional distillation ^ the distillation curves fall 
within the lower shaded area shown in figure 5 (p. 15). The indices 

i The claasiflcation has been sligfatly modified so that it will coincide with the deflnitioDs given in the first 
part of this imblication. The third class, imder mixed coal-tar creosotes, was not given in Circular 112. 
s The method by which this distillation was made is described in the appendix. 
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of refraction at 60° C. of the fractions do not fall more than one in 
the third place of decimals below the upper shaded area in figure 6 
(p. 16), and the specific gravities at 60® C. do not fall more than one 
in the third place of decimals below the lower limit shown in figure 4 
(p. 14). On applying the sulphonation test to the fractions between 
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Fig. 9.— Fractional distillation curves for samples classified as mixed coal-tar creosotes (class 2). 

305® and 320® C. there is no oily residue insoluble in caustic alkahes. 
The water does not exceed 1 per cent. There is no admixture of 
undistiUed tar. 

CUxBB 2, — ^The percentage weights on distillation fall within the 
upper shaded area shown in figure 5. The specifications for index of 
refraction, specific gravity, and sulphonation test are the same as for 
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class No. 1. The water does not exceed 2 per cent. There is no 
admixture of undistilled tar. 

Mixed cociJriar creosotes. i 

Mxed coal-tar creosotes are divided into three classes, according to 
the character and quantity of the admixtures. 
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Fig. 10.— Index of refraction curves for samples classified as mixed coal-tar creosotes (class 2). 

« 

Glass 1. — ^The presence of a certain amount of oil-taar creosote or 
products of a similar nature is admissible. The percentage weights 
on distillation fall within the shaded area shown in figure 7 
(p. 17), and the indices of refraction fall within the middle shaded 
area shown in figure 8 (p. 18). The volume of the sulphonation resi- 
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due, m cubie centimeters, from the fractions, at from 305'^ to 320° C, 
is not greater tlian one-tenth of the weight of the fraction in grams. 
The water does not exceed i per cent. There is no admixture of 
imdistilled tar. 




Fio. 11.— riaetiwial diatUlatloa curves 



Class 2. — Not only is the presence of certain quantities of oil-tar 
creosote or products of a similar nature admissible, but also adultera- 
tions with undistiUed tar or other viscous material. The percentage 
wei^ts on distillation fall within the shaded area shown in figure 9 
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(p. 19), and the indices of refraction fall within the lower shaded area 
shown in figure 10 (p. 20). The volume of the sulphonation residue, 
in cubic centimeters, from the fractions, at from 305** to 320° C, does 
not exceed one-fifth of the weight of the fraction in grams. The 
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Fia. 12.— Fractional distillation curves for samples classified as mixed coal-tar creosotes (class 3) and 

water-gas-tar creosotes. 

water in the creosote does not exceed 5 per cent, and admixture of 
undistilled tar or other viscous material does not exceed 15 per cent. 
Class S. — Mixed coal-tar creosotes which, on account of the quan- 
tity of paraffin constituents or undistilled tar or other viscous mate- 
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rial present, can not be classified in either of the foregoing classes are 
included in this class. The properties of feuch mixtures vary so greatly, 
according to the nature of the constituents, that they admit of no 
general description. 




Fio. 13.— Index of refraction curves for samples classtQed as mixed coal-tar creosotes (class 3). 
QT7AUT7 OF COHMEBCIAL CBEOSOTES. 

To secure authentic information on the quality and prices of 
available creosotes, the Forest Service, during 1909 and 1910, sought 
information and samples from a large number of dealers and manu- 
facturefs. In most cases these were suppUed, and more than 70 per 
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cent <tf the firxas responded to the request for samples for analysis. 
No wood-tar creosotes were included. 

All of the samples received were analyzed and classified, so far as 
possible, in accordance with the method described. The data secured 
from each sample are given in detail in Table 1 and in figures 5 to 14, 
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Fio. 14.— Index of refraction curves for samples classified as mixed ooal-tar creosotes (class 3) and water- 

gas>tar creosotes. 

inclusive. Although the method of examination is not entirely con- 
clusive, all the samples were classified by the same method, and the 
results ought to give a fair comparison of the characteristics of the 
various samples. 
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The reason for putting each creosote in the particular class to which 
it is assigned will, in most cases, be apparent, but the following expla- 
nations are required as to certain of the samples: 

Sample No. L — ^Although the index of refraction values of sample 
1 fall practically within the limits assigned to coal-tar creosotes, the 
distillation curve falls, somewhat below the limits assigned to such 
creosotes. The analysis seems to indicate that, although the sample 
was a coal-tar creosote, some of the lower-boiling constituents had 
been removed. 

Sample No. 4- — ^The index of refraction values for the higher frac- 
tions of sample 4 have a tendency to fall below the limits assigned to 
coal-tar creosotes, which indicates that the sample may have con- 
tained a small admixture of a high-boiling petroleum substance. 
The distillation curve indicates that, as with sample 1, some of the 
lower-boiling constituents had been removed. 

Samples Nos. 17 and 20. — ^The low index of refraction values of 
samples 17 and 20, in conjunction with the high tar-acid content of 
some of the fractions, indicate that these samples were from creosotes 
produced from blast-furnace tar. 

Samples Nos. 30 and SI. — Samples 30 and 31 were known to be 
from creosotes produced from water-gas tar; their fractional distilla- 
tion and indices of refraction are plotted in conjunction with the 
mixed coal-tar creosotes merely for convenience in comparison. 

Samples Nos. 27, 28, and 29. — ^The similarity of the index of refrac- 
tion values of samples 27, 28, and 29 to those of samples 30 and 31 
leads to the belief that they also were water-gas-tar creosotes. 

Table 2 is a classified simmiary, by regions of supply. It is inter- 
esting to note that of 31 samples of creosote received from all parts 
of the country, only 5 samples, or less than 17 per cent, could be classi- 
fied as coal-tar creosotes, while approximately 80 per cent were 
graded as mixed coal-tar creosotes. The 2 remaining samples were 
known to have been produced from water-gas tar. Of the 5 samples 
graded as coal-tar creosotes, 2 were supplied from the East, 2 from 
the South, and 1 from the Middle West. 
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P&ICES AND COKST7HPTION. 

The quoted prices per gallon f. o* b. works are summarized in 
Table 3. It is only fair to state that the high quotations in the 
maximum columns under '^Middle Western States'' were all received 
flt>m one firm and apply to what is said to be a special grade of oil. 
It is unf air, therefore, to compare these quotations with the others 
and the next high quotations have been inserted in brackets in these 
eoliunns* 

A comparison of the individual figured reveals the fact that in all 
sections of the country the price for small lots is considerably in 
excess of that for large orders or tank-car lots; increase in individual 
cases varies from 25 to 200 per cent. In practically all cases the 
quotations from the Eastern States were lower than for the other 
sections. In general they differed but slightly from the quotations 
from the Southern and Middle West sections, yet there is a decided 
difference when compared to the States west of the Mississippi River. 
The low minimum quotations for tank-car lots in the States west of 
the Mississippi River apply to the Pacific coast; in the Rocky Moun- 
tain region higher prices prevail as a result of the heavy freight chaises 
on creosote shipped to these points. 

Similar statistics were not collected for wood-tar creosotes, but the 
price for small orders is likely to* be from 40 to 60 cents per gallon. 
It is possible that in lai^e quantities wood-tar creosote may be 
secured at a considerably lower figure. 

Table 3. — Prices of commercial creototu. 



Region. 



Eastern States 

Southern States 

Middle Western States 

States west of the Mississippi 
River 



Num- 
ber of 
firms 
ad- 
dressed. 



13 
9 



Price per gallon f. o. b. works, including package. 



1-barrel orders. 



Num- 
ber of 
quo- 
ta- 
tions. 



5 
5 



Maxi- 
mum. 



{ 



CenU. 
16 
20 
160 
[20J 

25 



Mini- 
mum. 



Num 
ber of 

tions. 



CenU. 

7 
9 

12 



} 



20 



60-barrel orders. 



5 
3 



Maxi- 
mum. 



{ 



CenU. 
12 
16 
140 
(12J 

19 



Mini- 
mum. 



Num- 
ber of 

<C 

tions. 



Genu. 

7.6 
12 

10 



} 



16 



Tank-car lots. 



6 
6 



Maxi- 
mum. 



{ 



CenU. 
12 
12 
140 
PI 

15 



Mini- 
mum. 



} 



CenU. 
&5 
6.7 

6.5 



««.7 



1 These figures apply to what is said to be a special grade of oil. Figures in brackets are next highest 
quotations receivea. 
* This low quotation is from a firm on the Pacific coast, and applies to an imported product. 



COMMEBGIALi OBE060TE8. 



33 



Statistics of the consumption of commercial creosotes do not as a 
rule distinguish between coal-tar creosotes and other closely allied 
products. However, coal-tar creosotes, either pure or more or less 
mixed with other products, make up the bulk of the consumption, 
and the figures given in Table 4 may therefore be taken to represent 
the approximate quantity of these creosotes used. It is probable 
that a small amoimt of oil-tar creosote also is included in the figures. 




YBARt 



Fia. 16.— Onwimptioii ol creosotes in tiie United States. 

The statistics are represented diagrammatically in figure 15, which 
shows the strikingly rapid increase in the consumption of creosote, 
as well as the relatively small quantity produced in this coimtry. 
In 1903 and 1904 the domestic production exceeded the imports, 
but since that time, although the annual consumption of domestic 
creosote has practically quadrupled, the imports have rapidly out- 
stripped the domestic production, and in 1910 exceeded it by almost 
150 per cent. 
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Table 4. — Camumption of creosotes. 



Yew. 


l>omestlc. 


Imported. 


Total. 


ivm^ 


GdUont. 

4,000,000 

4,850,000 

6,800,000 

17,360,000 

13,862,171 

18,184,355 


OdOotu. 

3,711,565 

3,783,472 

7,750,531 

38,640,000 

37,560,041 

45,061,916 


Oallmu. 
7,711,565 
8,633,472 
13,550,531 
56,000,000 
51,431,212 
63,266,271 


19041 


19061..: 


1908 »...^ 


1909 s :. 


1910 « 





1 The figures for 1903, 1904, and 1906 mm taken from Forest Service Circular 08, and apply to coal-tar 
creosote. The domestlo supply figures are from estimates by Prof. Gellert AUeman. Imports are from 
the fr"TTnal reports of the DeparUnent of Cwunerae M}^ Labor. 

I The figures for 1906, 1900, and 1910 are from Forest Service Circular 185 and were compiled from reports 
on the consumption of creosote received fh>m more than 90 per cent of the treating punte in operation 
durinf these years. 

No figures are available for 1906 and 1907. 

It is not difficult to find the reason for this condition. In Europe 
the refinement of coal tar is conducted largely for the production of 
coal-tar dyes, and this does not interfere with the production of a 
good grade of creosote. On the other hand, in the United States' 
where the prime object is the production of pitch, the only creosote 
produced is that which will not interfere with the character or 
amount of the pitch. Furthermore, by-product retorts are more 
extensively used throughout Europe than in this country, where 
large quantities of coal are coked in the beehive ovens with a loss of 
the possible by-products. 

There is no reason to doubt that more tftian enough creosote might 
be produced in the United States to supply the present demand. 
Statistics published by the Geological Survey * show that in 1909 
practically 60,000,000 gallons of tar were produced in the manufac- 
ture of coke in by-product coke ovens, and although no statistics are 
at hand showing the tar produced at the gas-house plants for that 
year the total production of gas-house tar in 1907 and 1908 was 
greater than that from the by-product coke ovens. It is safe to 
assume, therefore, that the total amount of coal-tar produced in 1909 
was at least 100,000,000 gallons. Assuming that 5 gallons of tar will 
produce 1 gallon of creosote, the total amount of coal-tar creosote 
which might have been produced is approximately 20,000,000 gal- 
lons, or about 50 per cent more than the domestic creosote consumed 
that year. This possible production could be further vastly increased 
by the wider use of the by-product retorts. The average yield of tar 
from the bituminous coal coked in the by-product ovens in 1909 was 
6.4 gallons per short ton; the approximate quantity of bituminous 
coal coked in the bee-hive ovens during that year was 51,000,000 
short tons. Had this coal been coked in by-product ovens, approxi- 
mately 326,000,000 gallons of tar might have been produced, or an 

1 All stetlstics quoted from, the Geological Survey are taken Itom the following pu b licatians; The Manu- 
facture of Coke in 1909, by Edward W. Parker, and Production of Oas, Coke, Tar, and Ammonia at Oas 
Works and in Retort Coke Oveos, and of Oas and Tar at Water-Oas Works, by the same author. 
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amount sufficient to provide more than 65,000,000 gallons of coal-tar 
creosote. This amount exceeds the total consumption for thatyear 
by more than 13,500,000 gallons. 

The Geological Survey reports the production of 9,168,834 gallons 
of oil and water-gas tars in 1908, but the report states that '^most 
of the tar is used for fuel at the works, no record being kept of the out- 
put." Substantiating this theory, it is then stated that ''in addition 
to the amount above listed over 6,500,000 gallons were reported in 

1908 as made and not sold." Only recently has oil-tar creosote been 
marketed under that name. Statistics of the production or con- 
sumption are not available, but it is undoubtedly much in excess of 
the figures given. 

Wood-tar creosotes do not at present rank in importance with the 
coal-tar creosotes. Although the quantity of wood tar produced in 

1909 was approximately 20,000,000 ^ gallons, an amount capable of 
yielding approximately 2,000,000 gallons of creosote, a large portion 
of this tar was consumed as fuel, and the quantity of wood-tar 
creosote actually produced was much less than the possible produc- 
tion. 

1 This figure is estimated from statistics published by the Bureau of the Census in Wood Distillation, 1909. 
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METHOD USED IN ANALYZING THE CREOSOTES DISCUSSED IN THIS PUBLICATION,^ 
[Non.— AU tompemtuTW ralerred to in tito foUowUif are oo tlie oeotigrado scale.] 

Specific gravity of the whole oil. 

The perfectly liquefied oil is poured into a hydrometer cylinder, and, at a tem- 
perature of 60°, the specific gravity is read with hydrometer standardized against 
water at 60**. 

The somewhat prevalent method of determining specific gravity with a hydrometer 
standardized at 15° and then calculating the results from the temperature of the 
determination back to 15° is roundabout and involves the expression of the specific 
gravity of creosote in the liquid condition at a temperature at which the oil does 
not exist as a liquid. The method is illogical and open to iBacciiracies. With very 
rare exceptions creosotes are all liquid at 60°, and if the weight of a unit volume of 
the oil at 60° is compared with the weight of a unit volume of water at 60°, a true spe- 
cific gravity is obtained.    

Fractional distillation. 

The Hempel distilling flask of resistance glass, shown in figure 16, is employed. 
The empty flask is tared, 250 grains of melted, well-shaken oil introduced, the plati- 
num-wire plug and the glass beads put in place, and a second weight taken. The 
thermometer is then inserted in the flask, so that the first emergent reading is 200°.^ 



1 Condensed and reprinted from Forest Service Circular 112. 

1 In the distillations and analsrses described in this publication, one thermometer standardised by the 
Bureau of Standards was used throughout and was in all cases inserted in the Hempel flask so that the 
bulb was opposite the outlet tube. The temperatures actuaUy recorded by the thermometer were used 
in plotting the distillation curves and limits of the different classes of creosote. Corrections for the emer- 
gent stem of the thermometer were not made, as, using the same thermometer placed in the same position, 
the results will be constant within the limits of error in the methods employed. However, should it be 
desired to compare the analyses given in this publication with the analyses of other creosotes simHaily 
distilled, using a standardized thermometer but calibrated to a diflerent scale, so that the first emergent 
reading is not 200" C, the temperatures should be corrected in both cases. The correction to be added to 
the observed temperatures can be determined by the following formula: 

Correction?=O.00016(T— <)N, 
where 

Tsrsthermometer reading. 

t=temperature of emergent stem. 

N=number of degrees of the thermometer reading which are emergent. 

The following table gives the corrections which should be used for the results in this publication: 

Table 1.— Corrections for the emergent thermometer stem. 
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Tempera- 
ture 
reading. 


Corrected 
reading. 


Tempera- 
ture 
reading. 


Corrected 
reading. 


o 

170 
180 
190 
200 
210 
220 
230 
240 


o 

170 

180 

190 

200 

210.3 

220.6 

230.9 

241.2 


o 

250 
260 
270 
280 
290 
800 
310 
320 


e 

251.6 

262 

272.4 

282.9 

293.4 

303.9 

314.4 

325 
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The flask is supported on an asbestos board with a slightly irregular opening of very 
nearly the largest diameter of the flask. A condensing tube is employed and the 
fractions are collected in tared flasks. The distillation is run at the rate of 1 drop 
per second^ and fractions collected between the following temperatures: Up to 170^, 
170**-205^, 205''-225^, 225**-235^, 235**-245**, 
245**-255^, 255°-285**, 285^-296^, 295^-305^, 
305**-320^, and if feasible, 320^-360^. 

The character of the fractions and their 
weights are recorded and the results plotted 
as a curve, in which the ordinates are per- 
centages by weight and the abscissae tem- 
peratures.    When the distillation 
has reached the 225° point, an asbestos-board 
box should be placed around the distilling 
flask, to cover the bulb, but leave the Hempel 
column exposed. Drafts upon the distilling 
apparatus must be avoided. 

Index of refraction.^ 

^^ * 

The indices of refraction of the different 

fractions between 235° and 305° are deter- 
mined at 60° in a refiactometer with light 
compensation. The results are plotted with 
temperatures as abscisBSB and indices of refrac- 
tion as ordinates. 

Specific gravity. 

The specific gcavities of the fractions be- 
tween 235° and 305° are determined by means 
of specific-gravity bottles. These bottles are 
filled at 60° and the weights referred to water 
at the same tempefatnre. The results are plotted as a ciu-ve, in which the ordinates 
are specific gravities at 60° and the abscissae temperatures. 

1 The following explanation of tbe index of refraction and of the sulphonation test is also taken froih Forest 
Service Circular 112: 

"index or BErBAcnoN. 

"The index of refraction is the ratio between the sines of the angles of incidence and of refraction of 

Ught, expressed by the fbrmula •^'^^ — b> where ^ means the index of refraction referred to sodium 

U^t, I equals the angle of incidence, and R the smgle of refraction. The index of refraction yariee with the 
temperature, but is constant for any given (^1 at a stated temperotore. In making measurements of the 
index of refraction of the different fractions of a creosote distillation, it was necessary to make the measure- 
ments at 60*. The determinations were made with an Abbe refractometer provided with a light compensa- 
tor. By means of this instrument the index of refraction may be read with great accuracy, and the measure- 
ment is WM of the mo8t«xact which can be applied to saoii an oU." 




FiQ. 16.— Hempel distilling flask. 
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SULPHONATION TEST. 



"In contradistinction to the hydrocarbons of the paraffin series^ those of the aromatic series react with 
ooncenlrated sulphuric acid with marked ease. The products of this reaction, in which a sulpho group 
or groups replace hydrogen in the aromatic compound, are called sulphonic acids and the process is known 
as sulphcmation. For example, the reaction with benzene would be CcH«+HsS04— CaHsSOsH+HsO. 
The sulphonic acids are characterized by their solubility in water. If a fraction from the distillation of a 
creosote oil be treated under iiroper conditions with concentrated sulphuric acid, it will be converted into 
a mixture of sulphonic acids, which will readily dissolve in water. If, however, there are paraffin bodies 
Iiresent they will not be attacked to the same degree as the aromatic hydrocarbons, and when the products 
of the sulphonation are treated with water the paraffin components will remain as a residual oil. In apply- 
ing this test to creorote oils it has been found that the most information is obtained by using it on the higher- 
boUlng IhMstions.'' 
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Svtphonation U»t. 

The taction diitiUing between 305° and 320° ia treated with concenlmted milphuric 
ftcid and poured into & sepftratory funnel such ae !■ shown in figure 17. The flask which 
contained the taction is rinsed out twice more with concentrated sulphuric acid and 
the rinnngB added to the funnel. Enough more concentrated sulphuric acid in added 
nearly to fill the funnel, and the mixture ia thoroughly ahaken at least aix times in 
30 minutes. After standing until it becomea cool the volume ia brotight up into the 
gmdnations by the additbn of concentrated sulphuric acid, 
and after another hour the amount of unsulphonated oil ia 
read and the percentage calculated. The residual oil ia 
usually almost white or a pale blue. In some cases a red- 
dish oil with a distinctive odor ia obtained from a pure 
coal-tar creosote; this oil doee not coneiat of hydrocarbons 
and Ib soluble in cauatic alkaliea. The sulphuric acid 
should thereftn^ be drawn off, the oil washed with water, 
and a 10 per cent solution of sodium hydroxide added. It 
(he oil is soluble in this reagent, the eulphonation teat is 
regarded aa n^ative.' 

Tar aeidt. 

Fifty cubic centimeteis of the creosote under analysis 
are measured at 60° into a small distilling flask by a 
pipette. The oil is distilled as completely aa possible 
without breaking the distilling bulb, and the distillate is 
caught in a ahort-stemmed, 100 cubic centimeter separat- 
ing funnel. At the end of the distillation 25 cubic centi- 
meters of boiling hot 15 per cent sodium hydroxide is 
added to the distillate and the mixture thoroughly shaken. 
The alkaline extract ia then drawn off into a 100 cubic 
centimeter shaking cylinder and 26 cubic centimeters 
more of hot eodium hydroxide added. After extracting 
with Qiie second portion for five minutes, with frequent 
diaking, the solutions are allowed to separate and the 
alkaline extract added to the first pcotion in the cylinder. 
A third extraction is made with IS cubic centimeters <A 
alkali. The total alkaline extract is cooled, acidified with 
sulphuric acid, thoroughly shaken, brought to 60°, and 
the volume of supernatant oil read oS. 

Water. 

After wei^i^ the first two fractions of a fractional dis- 
tillation they are united in a email separatory funnel and any water which is piceent 
is separated from the oil and its amount accurately determined. If particular 
accuracy is required in the eetimation of the water it may be done by the Marcuason 
xylol distillation method." 
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THE PROFESSION OF FORESTRY. 



BAPID DIIVXLOFICENT OF FOBESTBY IK THE TJNITED STATES. 

During the last decade forestry in the United States has developed 
with remarkable rapidity. The inauguration of forest management 
on the National Forests, the activity of various States in public for- 
estry, and the increasing interest of private owners in timber growing 
and protection have resulted in a marked demand for trained foresters. 

When active work in forestry first began there were no forest 
schools in the country, and those entering upon the work were 
obliged to go to Europe for technical training. In anticipation of 
the need for foresters,, and in order to aid in the development of for- 
estry, several progressive institutions established schools of forestry 
even before the demand for any considerable niunber of men was 
definitely assured. 

The first professional school was established at Cornell University 
in 1898. This was followed in 1900 by the Yale Forest School. 
'Private instruction in forestry was given at Biltmore, North Carolina, 
by Doctor Schenck in connection with his work on the Vanderbilt 
estate as early as 1897, and a school for rangers was started by the 
State of Pennsylvania at Mont Alto, Pennsylvania, in 1903. Since 
that time instruction in forestry has been introduced in a large num- 
ber of institutions. To-day there are 22 institutions which give 
courses leading to a degree in forestry, and about 40 others which 
include forestry in their curricula. It is estimated that there are 
fully 500 men in the United States with a greater or less degree of 
technical training, in addition to 1,500 forest rangers who began 
without a knowledge of the technical side of forestry, but many of 
whom through their experience in National and State forest work 
under technical direction have acquired considerable knowledge of 
certain phases of the subject. There are probably about 1,000 young 
men studying in the forest schools. 

Forestry may therefore be considered an established profession in 
the United States. Hundreds of young men are considering it as a 
life vocation, and are eager to be informed regarding the character of 
work involved, the elements necessary for success, the requirements 
for an adequate training, the present and probable future opportunir 
ties for work, and its possibilities as a means of livelihood. 

3 



4 THE PROFESSION OF FOBESTEY. 

FOBSrSTBT AS A VOCATION. 
LIFE OF THE FORESTER. 

Although forestry is now a recognized profession, perhaps a 
majority of the people in this country still have only a vague idea as 
to the kind of life the forester really leads. Many young men are 
attracted to it because it is an outdoor profession. They are fond 
of camping in the woods, of fishing, and of hunting, and the prospect 
of being able to spend a part of each year in the woods in connection 
with their regular work seems very alluring. Such men should 
remember, however, that the forester in his field work is seldom 
able to enjoy the comforts to which the ordinary sportsman is accus- 
tpmed, and that spending considerable time in the woods as part of 
one's regular business is very different from camping out for a few 
weeks on a vacation. 

Any one who plans to take up forestry should realize at the outset 
that his work is to be principally in the woods, often under trying 
conditions. This is particularly true during the early days of his 
work, when he is serving his apprenticeship, and as the number of 
foresters increases and competition becomes more intense, this period 
may be -expected to lengthen. The young forester is also apt to have 
his headquarters sliif ted frequently from pljace to place, as is the case 
with civil engineers, so that he may be unable for some time to estab- 
lish a home. 

On the other hand, if he is an able man, he will ultimately be 
advanced to a position of responsibility which will give him more 
permanent headquarters and a greater opportunity for home life. 
Even in the higher positions, however, whether in government or in 
private work, the forester will be obliged to spend a great deal of time 
in supervising the actual woods operations on the ground. In the 
aggregate he will usually spend from 40 to 60 per cent of his time in 
the field, mainly on short trips of from one to six weeks, and the rest 
of his titne in the oflGlce. His home will ordinarily be in a small town 
or its vicinity, with but little opportunity for city life. Even here 
he must not count himself secure against a change of working field 
which will necessitate removal to a new place. 

To one who enjoys a life of this sort, the profession is fascinating; 
to one who does not, the work soon becomes monotonous and even 
positively disagreeable. 

The character of work which the forester is called upon to do 
varies greatly under different conditions. Some men spend the 
greater part of their time in the more strictly technical work of the 
profession. They study such problems as the determination of the 
amount of merchantable timber on a given tract, its rate of growth, 
the best methods of cutting to secure a second crop without recourse 
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to planting, and, in general, all problems which deal with the life 
history and production of the forest. Other men spend more time 
on the business end of the profession, in devising methods of protecting 
the forest from fire, in organizing an efficient system of administra- 
tion, in determining the cheapest and most eflFective methods of 
lumbering, and, in general, in dealing with the problem of the utiliza- 
tion of the forest. • 

By far the greater number of foresters, however, have to deal 
with both the scientific and the business aspects of the profession. 
They must know how to appraise the value of timber and how to 
utilize it in the best possible way, as well as how to grow it. They 
must be able to estimate how much it will cost a thousand feet to 
log a given tract of timber, at the same time that they predict how 
soon it will be profitable to cut the same area again. In other words, 
the average forester must be a good business man, with a thorough 
technical education. The scientific equipment is simply a matter 
of thorough schooling; the business equipment must be secured by 
practical experience in woods work. 

Many of the men who prepare for forestry should anticipate em- 
ployment with lumber companies. This will usually require several 
years of hard work in the woods, in logging camps, or at the mill, in 
relatively subordinate positions, to learn the practical details of the 
business. This apprenticeship is essential before responsible or 
attractive positions can be secured, and indeed before a forester can 
apply technical methods of management to the business intelligently, 
or can acquire the confidence of his employers so that his recom- 
mendations will be followed. 

REQUISITES FOR SUCCESS. 

The first requisites for the successful forester are that he have a 
liking for the sort of life which he will have to lead, and that he 
possess the health and constitution to stand it. The forester's work 
is physically exacting. He has to make long, hard trips in 
the forest, and under present conditions and those which will con- 
tinue for a long time to come travel is necessariOiy rough. Sometimes 
it means a long trip on horseback, sometimes by canoe, and sometimes 
very hard and rough walking. The forester is not infrequently 
subject to actual physical hardships, and in any event he must have 
the constitution to endure such hardships should the occasion arise. 

It must not be understood from this, however, that the profession 
is a muscular one, pure and simple. It requires brains, and brains 
of a high order, particularly at the present stage of the profession 
in this country, when nearly every forester is doing distinctly construc- 
tive work. The successful forester must have to a large degree the 
qualities of foresight and broad-mindedness, and these must be sup- 
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plemented more and more, as the work becomes better organized, 
by a thoroughness in details. The man who is capable only of carry- 
ing out some one else's plans will always remain an assistant. 

Another prime requisite for the forester is administratiYe and execu- 
tive ability. His work is extremely practical, and is either directly 
or indirectly concerned with the practical business administration of 
property. As soon as he passes beyond the state of being a mere 
assistant he has charge of men, and to be successful must have the 
ability to understand and to manage them. This applies particularly, 
of course, to men engaged in administrative work, as are most of the 
foresters in this country at present. Even in strictly investigative 
work, however, where the forester has no direct administrative 
responsibihty, he is doing work which is essential for the proper 
handling of the forest, and must be thoroughly practical if his investi- 
gations are to be of value in securing better methods of f oredt manage- 
ment. 

In addition to executive ability many foresters must have those 
qualities which go to make up a public teacher. Nearly every forester, 
whether consciously or not, is helping to mold pubUc sentiment, and 
in many positions educational work is a part of his regular duties. 
This is often the case with the first work of a State forester, who must 
be able to present his message by public addresses and public writings. 
This requires a certain amount of address and confidence, and the 
ability to formulate concise and effective arguments. 

One of the most important requisites for success, particularly in 
this coimtry, is the spirit of pubhc service. The conservation of 
our natural resources is the greatest internal problem before the 
country to-day, and forestry touches the conservation of all our 
natural resources. Every forester is doing a work which directly 
benefits the public. It has been a difficult task to accomplish what 
has already been done in forestry. It will be a still more difficult 
one to carry the work to completion. The public forester has many 
obstacles to overcome, and his financial returns are small; but his 
opportunities for public service are correspondingly great. His 
reward ought to be very largely in the satisfaction of doing a construc- 
tive work which profoundly affects the prosperity of his country. 
It is this spirit of public service which is keeping in Grovemment 
forest work to-day men who are repeatedly refusing offers of private 
work with much higher salaries than they are receiving from the 
pubKc. 

A final requisite for success in forestry, as in any other profession, 
and one which can not be overestimated, is a fundamental and thor- 
ough training for the work. As the number of foresters in the 
country steadily increases, and competition becomes more keen, the 
necessity for a thorough education will grow more and more urgent. 
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NEOESSABT TRAINING. 

The thoroughly trained technical forester should have an education 
equivalent to that of any other well trained professional maQ; such aa 
a lawyer, or doctor, or civil engmeer. Such an education can not 
ordinarily be obtained in less than four years of college work. A, 
course of five or six years, one or two of which are spent ia post- 
graduate work, is stiU better. There is now a great abundance of 
well equipped forest schools in this country, offering both under- 
graduate and post-graduate work, and the average man can not hope- 
to be successful in the profession without a complete course in One of 
these schools. The more practical field experience he can secure ia 
addition to this, the better prepared he will be. For the large number 
of men who will look for employment to the lumbering business or 
other forest-using industries a thorough training in the principles of 
forestry, through four or five years of college work, is as necessary as 
in the case of men who plan to specialize upon the more scientific 
and technical sides of the profession. Such training, however, is but 
one part of the needed equipment. It must be supplemented by 
first-hand experience in lumbering operations. 

While post-graduate work in Europe is not essential, it is a valuable 
asset to the man who can avail himself of it. Conditions here are so 
different from those in Europe that many of the methods commonly 
used there are wholly impracticable in this country. At the same 
time the profession has become so thoroughly established and has 
accomplished so much there that a careful study of European forestry 
can not fail to be suggestive and of much practical value to the 
American forester. 

Closely aUied with work in technical forestry is that of the forest 
ranger. The ranger wiQ not be called upon to do such technical work 
as the professional forester, and does not need so much schooling. His 
work is of an exceedingly practical nature, and if he can work under 
some instruction he can pick up a great deal of the empirical knowledge 
which he needs along technical luies. Most forest rangers to-day 
have received their early trahung through long experience in the 
woods. Such experience is essential 'for the efficient ranger, but ia 
addition it is extremely desirable for him to have a practical course 
at some ranger school. His usefulness and his chances for promotion 
are greatly iucreased if he can spend even two or three months takiug 
such a course, for example, as that now given at anumber of our western 
universities. Up to this time educational institutions have devoted 
much less attention to training rangers than to training technical for- 
esters. At present only a few ranger courses are given in the entire 
country, and these are more in the nature of short courses than a full 
ranger training. Better facilities for obtauung the education needed 



8 THE PB0FE88I0N OF FOBESTBT. 

by a ranger will undoubtedly become available in the near future. A 
well-rounded ranger course should cover a period of about one full 
year, and should be conducted primarily in the field along very prac- 
tical lines. 

THE FIEIJ> OF WOBK. 

Foresters are now finding employment with the Federal Govem- 
menty with various States, with lumbermen and other private owners 
of timberland; and with educational institutions and those conducting 
research in forestry. 

GOVERNMENT WORK. 

So far the United States Government has been the principal 
employer of foresters. It is probable that fully 95 per cent of the 
tramed foresters in the country have at one time or another been 
engaged in Government work, and 60 per cent or more are in it to-day. 
There is a small group of foresters in the Indian OflBlce in the Depart- 
ment of the Interior, who are in charge of the forests owned by the 
various Indian tribes, and more foresters will undoubtedly be 
employed by the Department of the Interior when the National 
Parks are placed under technical administration. At present, how- 
ever, nearly all of the forestry work of the Federal Government is 
conducted by the Forest Service in the Department of Agriculture. 
The work of the Forest Service may be divided into two parts: First, 
the administration and protection of the National Forests; and, sec- 
ond, technical investigations and cooperation with States and private 
owners. 

ADMINISTRATION AND PROTECTION OF NATIONAL* FORESTS. 

The National Forests cover a gross area of nearly 190,000,000 acres, 
situated chiefly in the mountains of the West. The administration 
and protection of this vast domain constitutes the greatest task of 
the Forest Service, and occupies the time of most of its men. The 
administration of the National Forests is centered in the Washington 
office, to which are attached certain higher officers engaged in general 
direction and inspection of the work. For convenience in field admin- 
istration there have been established six National Forest districts, 
each in charge of a District Forester, who has associated with him 
such technical assistants as are necessary for the conduct of the work. 
Each District Forester has supervision over the administration of the 
group of Forests, usually from 20 to 30, which are located within his 
District. 

Altogether there are 162 Forests, averaging over 1,000,000 acres 
each. In charge of each Forest is a supervisor, who may or may not 
be a technical forester. In some cases he is assisted by a deputy 
sunervisor. The Forests are divided into districts, each in chaise of 



THE PBOPESSION OF POBESTBY. 9 

a forest ranger, who is responsible for the protection of this area and 
for the conduct of the local business upon it. During the sununer 
additional rangers and guards are employed to supplement the regular 
force. In addition to this executive force there are technical assist* 
ants to aid in scaling, in timber estimating, in surveying, in grazing, 
in land classification, and in other work which requires special tech* 
nical knowledge and ability. 

The following table shows the classification of the force on the 
National Forests on June 30, 1912, not including men in the District 
offices : 

Supervisors 151 

Deputy supervisors 100 

Rangers , 1, 424 

Guards 526 

Forest examiners and forest assistants 129 

Timber and mining experts, engineers, land examiners, hunters, 

etc 112 

Clerks 182 

Total 2,624 

The first task on the National Forests has been that vof protecting 
them and of organizing their business administration. Protection 
of the Forests from fire is of fundamental importance, and every 
eflFort has been directed toward this end. Not only have patrolmen 
been employed to be on the lookout for fires, but all the permanent 
improvement work, such as the building of roads, trails, and tele- 
phone lines, has been planned with the specific object in view of mak^ 
ing them of the greatest use in fire protection. In addition to this 
protective work, the constantly increasing use of the Forests has 
necessitated the handling of an immense amount of current business. 
During the fiscal year ending June 30, 1911, for example, 830 miUion 
board feet of timber were sold, and 7,400,000 head of sheep and goats 
and 1,400,000 head of cattle and horses were grazed on the National 
Forests. At the same time the Forests resources are used through 
permits for power development, irrigation, summer residences, 
hotels, and a great variety of other special uses. 

All of these different lines of work are handled by the regular 
administrative force, under the immediate direction of the super- 
visor. From the very beginning an effort has been made to apply 
the best forestry possible under the given conditions, and the more 
technical phases of the work have accordingly been handled as far as 
practicable by the men with a technical education, the forest assist- 
ants. They have had to perform such duties as mapping and 
estimating the timber on the Forest, marking the trees to be removed 
in timber sales, raising stock at nurseries for field planting, and 

53680°— Cir. 207—12- — 2 
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reforesting unproductive treeless areas either by planting or by 
direct seeding. The rangers also have been called upon to do work 
of this character, in addition to their regular work of protection and 
routine administration. Many of them have become very proficient 
in it, and will undoubtedly have more and more of it to do as the 
business of the National Forests increases. The next step in the 
development of the Forests is the preparation of detailed plans for 
the administration and use of their resources. These plans will 
place the management of the Forests on a far more definite and 
permanent basis, and both their preparation and execution will 
require technical ability of a high order. 

INVESTIGATION AND COOPERATION. 

The investigative work of the Forest Service is of two kinds: 
That designed primarily to aid in the development of forestry on the 
National Forests, and that designed to aid in the development of 
forestry throughout the country. To accomplish the first of these 
purposes six forest experiment stations, similar in scope to the 
agricultural experiment stations, have been established on the 
National Fol^sts in the West. These experiment stations are in 
charge of specialists, who devote their entire time to scientific investi- 
gations, the result of which will lead to better methods of forest man- 
agement. For example, detailed investigations are now being carried 
on to determine the best methods of artificial reforestation under 
given conditions, the best methods of cutting in different forest 
types to secure natural reproduction, the rate of growth of trees left 
-after lumbering, and similar studies. In addition to these experi- 
ment stations, investigative work is being done on the various 
National Forests by the technically trained men assigned to them. 
In this way a vast amount of information is being accumulated 
in aU parts of the West, which will be of the greatest value in putting 
the management of the Forests on the best possible foundation. 

The investigative work outside of the National Forests is conducted 
from the Washington office. The total force permanently engaged 
upon this work varies from about 20 to 30 men, with additional 
assistants during the field season. The work is designed to make 
available for private owners much the same information regarding 
their forests as the Government desires concerning the National 
Forests. Special studies are made of individual problems of im- 
portance, and the results are made generally available through 
pubUcations. 

Closely connected with the investigative work is the cooperation 
offered to private owners and to States. In States without a State 
forester, advice in regard to the best methods of forest management 
and in regard to planting is furnished by the Service to small timber- 
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land owners who are willing to pay the expense of the necessary 
examination. Work is also done in cooperation with the States in 
general studies of their forest conditions, in outlining State forest 
policies, and in recommending legislation. 

The investigative work in forest products is lai^ely concentrated 
at Madison, Wisconsin, where the laboratory of forest products is 
located. There are branch offices in Washington and in several 
of the District offices, and cooperative work is carried on at Seattle 
in connection with the University of Washington, and at Boulder, 
Colo., in connection with the University of Colorado. The total 
number of technical men engaged in investigative work in forest 
products varies from about 40 to 50. Of these, however, only a 
comparatively small number are technical foresters, the rest being 
engineers, chemists, and specialists in other lines. Very detailed 
studies are made of such problems as the preservative treatment of 
timber, the physical and mechanical properties of wood, wood dis- 
tillation, the use of different species for paper pulp, and the decay 
of wood. 

A new line of work recently undertaken by the Forest Service is 
the examination of land in the White Mountains and Southern 
Appalachian Mountains for purchase under the provisions of the 
Weeks Law. A force of about 30 technical foresters is engaged on 
this work, and temporary men are employed from time to time as 
occasion arises. Under the provisions of the Weeks Law assistance 
is also given to various States in protecting from fire the forested 
watersheds of navigable streams. This work requires the employ- 
ment of several hundred Federal patrolmen to perform duties similar 
in a large measure to those of the ranger, or guard on the National 
Forests. 

HOW THE FORCE IS RECRUITED. 

All permanent positions in the Forest Service are in the classified 
civil service. The main force is recruited through two civil service 
examinations, that of forest assistant and that of forest ranger. 
The first is a highly technical examination, and requires a training 
equivalent to that given at the best forest schools. The ranger 
examination is of a very practical nature, requiring field training and 
experience, together with some knowledge of several phases of 
technical forestry. There are also a number of technical positions in 
other lines of work which are occupied by specialiists recruited from 
special civil service examinations. Among these are mineral exami- 
ners, lumbermen, scalers, engineers in timber tests, chemical engi- 
neeis, draftsmen, land examiners, land law clerks, and others. 

The important positions in the Forest Service along executive and 
administrative Unes are filled by the promotion of men who have 
shown special merit. Most of the forest supervisors and deputy 
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supervisors are men who have been promoted either from forest 
assistant or from forest ranger. 

With the exception of the Forester and the Associate Forester the 
salaries of the higher officials in administrative and investigative 
work in the Washington and District offices vary from $2^000 to 
$3;750 per year. The salaries of supervisors range from $1^400 to 
$2,700; of deputy supervisors from $1,400 to $1,700; of forest exam- 
ners from $1,600 to $2,200; of forest assistants from $1,100 to 
$2,000; and of rangers from $900 to $1,500 per year. 

The Forest Service force has increased within a comparatively 
short time from only a few men to a total of between three and four 
thousand. Until 1911 practically every person who passed the 
civil service examination for forest assistant was taken on the force. 
There is now, however, a complete administrative organization with 
a specified number of positibns, and the future growth of the Service 
will necessarily be much slower. This has led to the general impres- 
sion that unless there are very largely increased appropriations there 
will be no opportunity for new men in the Forest Service. In a sense 
this is true, because there will be but a small increase in the number 
of positions. At the same time it is likely that a certain number of new 
men will be needed every year. The Forest Service is a very large 
organization, and a new one, and a great many changes in personnel 
are occurring all the time. Doubtless it will ultimately be a very 
much larger organization than at present. It is inevitable that 
many of the Forests will be subdivided, as it becomes possible to 
make their administration more intensive, and that the investiga- 
tive work will develop considerably. 

For replacement in the ranks of forest assistants some twenty 
new men will probably be required each year. In addition there 
will be opporiunity for a number of men to enter the Service as 
rangers, with the possibility of promotion later to more technical 
positions. Inasmuch as the high-grade forest schools are now 
turning out several hundred men each year, this means that the 
time has arrived when the Forest Service can no longer take care of 
all their graduates, and that a considerable number must look else- 
where for employment. 

STATE WORK. 

During the last few years there has been a constantly increasing 
activity in forestry among the various States. Whereas only a few 
years ago not over half a dozen States employed trained foresters^ 
to-day more than 20 different States have some kind of t)rganization 
for forest work. These include the New England States, New York, 
Pennsylvania, New Jersey, Maryland, North Carolina, Kentucky, 
Ohio, Indiana, Michigan, Wisconsin, Minnesota, Kansas, Colorado, 
Montana, Idaho, Washington, Oregon, and California. 
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The character of work which a State forester has to do depends 
upon the stage of development of forestry in that particidar State. 
In one where forestry is just beginning to receive attention, his first 
efforts must be largely along educational lines. Ordinarily he 
receives a small appropriation, and his chief task is to develop a forest 
policy for the State and to educate the. people to a better handling 
of the forests within its borders. He must study the needs of the 
State, and then go before the people and show them what must be 
done to put into effect the policy which he has formulated. He 
usually has to make a great many public addresses, issue bulletins, 
write articles for the magazines and newspapers, and in every other 
way possible bring his message to the people. He must secure legis- 
lation and q,ppropriations, and ordinarily has but little opportunity 
for doing technical forest work. 

On the other hand, in those States where there is already a settled 
forest policy, the State forester's work is of a very different character. 
In such States the problem of fire protection absorbs a large amoxmt 
of his time, and there is usually much administrative work to be done. 
Many States already have State forests, or are planning to acquire 
them. . Their management naturally falls to the State forester, and 
gives him an opportunity to do some real technical work. Some of 
the States also, as, for example New Hampshire, Vermont, Connect- 
icut, New York, Pennsylvania, Ohio, and Michigan, maintain nur- 
series for the production of plant material for distribution to citizens. 
The work of these nurseries must be directed by the State forester: 
Usually also he assists private owners in the management of their 
woodlands. This is done both by correspondence and by actual 
examinations of specific tracts, with recommendations for their man- 
agement. All these duties give the State forester a wide scope for 
work along both administrative and technical lines. 

Ordinarily the State forester is a thoroughly trained technical man. 
In some States where the work is just beginning to develop he is alone 
in the office, but more often he has one or more assistants. Not infre- 
quently he has charge of a force of rangers, who are employed chiefly 
in fire patrol. In many cases he cooperates in this work with organi- 
zations of private owners and with the Federal Government. 

The salaries of State foresters vary from $2,000 to $4,000 a year, 
but most of them receive about $2,500 a year. Their assistants 
ordinarily receive from $1,000 to $2,000. 

Work in State forestry has just begun. It is possible to look for- 
ward to the time when every State with any forest interests will have 
an organization whose duty is to make the most of its forest resources. 
When this time comes there wiU be an active demand for men in State 
work, not only in the more responsible position of State forester, 
but also as assistants. It is true that this field is not unlimited, but 
it is nevertheless an extremely important one, and it wiU probably 
be a long time before it will cease to absorb a certain number of new 
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men each jear. For the immediate future the demand on the part 
of the States for trained men will probably be nearly as great as <m. 
the part of the Federal Government. 

PRIVATE WORK. 

The timberlands belonging to private individuals are more exten- 
sive and more valuable than those publicly owned. Of the total 
stand of merchantable timber in the country, fuDy four-fifths is in 
private ownership. It is apparent, therefore, that the forest problem 
is not by any means confined to the public lands. Private forestry 
really offers the broadest field to the trained forester, and it is there 
that the profession may be expected to make the greatest expansion 
in the future. * 

Private owners may be classified in a general way as lumber com- 
panies; public service corporations, such as railroad and water com- 
panies; mining companies; recreation and hunting clubs; large 
private estates; and farmers and other small wood-lot owners. 

So far the principal activities in forestry on the part of the large 
lumber companies have been in protecting their holdings from fire. 
In northwestern Montana, northern Idaho, Washington, and Oregon 
large lumber companies have taken a very progressive attitude 
toward the question of fire protection. They have organized timber 
protective associations, and have employed trained men to put into 
effect systematic plans for fire protection. Similar action has been 
taken by some of the lumbermen in the Northeast, notably in Maine 
and New Hampshire. In other parts of the country the work of fire 
protection has been largely carried on by the individual liunberman, 
and has been for the most part spasmodic and unsystematic. Never- 
theless, there is a constantly growing appreciation of the need for such 
work, and systematic fire protection on the part of the limiber com- 
panies in nearly all parts of the coxmtry may be looked for in the near 
future. 

Although there is a steadily increasing interest in forestry among 
lumbermen, relatively few foresters have as yet been employed by 
them. The technical work that has so far been done by the lumber 
companies has been elementary in character and of such a nature 
that it could be conducted by practical men already in their employ. 
The large companies in the far West have taken the position that fire 
protection is the problem of first importance and that all questions 
in technical forestry, including reforestation, must come second. A 
munber of large paper companies in the East, however, have gone a 
step farther, and, in addition to protecting their holdings from fire, 
place a minimum limit upon the size of the trees cut in their opera- 
tions. Some of these companies are even b^inning to refcnrest their 
waste lands. 
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A ,big opportunity exists in the lumber industry for practical 
foresters with business ability. The forester who enters the liunber 
business must be prepared to estimate standing timber^ appraise 
stumpage, determine the best method of cutting/ estimate the future 
growth, lay out logging roads and railroads, and participate in actual 
lumbering and milling operations. As soon as foresters show their 
fitness for practical work of this character, there is no doubt that there 
will be a keen demand for their services. Fitness for this work will 
require entering the lumbering business at the bottom, and learning 
its practical and business details in a long and exacting apprentice- 
ship. This field, however, oflFers probably the greatest opportunity 
for trained foresters in the future, both as to the number of men who 
will be required and the ultimate rewards for success, in salary and 
responsibihty. 

There is also a broad field among public service corporations which 
own timberlands. Most railroads own a certain amount of forest 
land, and the holdings of some, as the Northern Pacific, the Southern 
Pacific, and the Santa Fe, are very extensive. A few of these com- 
panies have already adopted a consistent and permanent policy of 
holding their timberlands, and are introducing systematic forest 
protection. The next step will be the inauguration, of a system of 
forest administration somewhat similar to that on the National 
Forests. Some of the eastern railroads are considering the acquisition 
of forest lands, with tree planting wherever necessary, for the pro- 
duction of their own wood suppHes, and the Pennsylvania, for 
example, has already put this pohcy into effect. So far the number 
of foresters employed by railroads is small, but the field is there, and 
ultimately will call for trained men. 

Many water companies hold extensive tracts of timberland on the 
drainage areas from which their water suppHes are derived. Theso 
companies have, for the most part, adopted the definite poUcy of 
maintaining such land in forest growth. They will unquestionably 
in many cases find it to their advantage to employ professional for- 
esters to keep the forest cover in the best possible condition while at 
the same time yielding a revenue. 

Frequently mining companies own lands which are covered with 
tree growth. Many of the mining companies in the southern moun- 
tains, especially coal mining companies, own considerable areas of 
land which they wish to hold for mineral development and also for 
the production of wood a^id timber for use in the mines. Some of 
these companies have already interested themselves in the question 
of treating timbers with chemical preservatives, and others have tak^n 
up the problem of conservative management of the forest land which 
they own. 

Another class of private owners consists of those who have acquired 
forest property for hunting and other recreation purposes. Some of 
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these owners are already beginning to practice forestry, and are 
employing foresters to take care of their property. 

At present relatively few large tracts of land in private estates are 
administered under forestry principles with a technical forester in 
charge. More often the work on the ground is taken care of by a 
resident ranger or woods foreman, and where any technical work is 
done it is directed or supervised by a consulting forester who visits 
the tract only at intervals. Most of the forestry work so far done on 
private estates has been of this character, and except in the case of 
the largest owners will probably continue to be. Already there are 
a number of private firms and individuals with headquarters in New 
York, Boston, Philadelphia, and elsewhere, who do work as consult- 
ing foresters. 

This phase of professional work will undoubtedly develop to a 
<^onsiderable degree, as the principles of forestry become better known 
and more generally recognized in the management of private wood- 
lands. Work as ^'consulting foresters" will be the natural goal of 
many of the more mature and experienced men who have acquired 
a solid footing in the profession. It will also oflfer opportunities for 
the employment of younger men as assistants and members of field 
parties. Some»of the larger firms of consulting foresters now estab- 
lished require a permanent staflF of trained men to carry on their 
work. The number of such openings to foresters entering the pro- 
fession will undoubtedly be materially increased in the future. 

Artificial reforestation by private owners is now assuming con- 
siderable importance. Already approximately a million acres have 
been planted, and interest in the subject is steadily increasing. There 
is accordingly a profitable field for professional foresters in collecting 
Beed and raising nursery stock, either as a business by itself, or in 
<5onnection with other forestry work. 

The development of private forestry in this country will depend 
in part upon favorable legislation with respect to taxation of growing 
timber and upon fire protection by the States, but in part also upon 
the individual work of the foresters themselves. If foresters prove 
practical and can demonstrate to an employer that their work is 
profitable, there is no question whatever that there will be plenty of 
employment. The field is there, and it is an enormous one. It 
remains only to be developed, and there is little question that the 
foresters who are being turned out in such large numbers from the 
various forest schools wiU solve the question, particularly when the 
development of such work is necessary for their own existence. 

The compensation in private forestry depends entirely upon the 
earning capacity of the individual. Ordinarily foresters under 
©alary wiH be paid for their technical work practically the same as 
public forest officers, and undoubtedly employers will take public 
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salaries as the standard. Where the forester works into a regular 
business, however, as for example into the lumber business, his 
remuneration will depend more upon his business capacity and what 
he can do for the company in a business way than upon his technical 
attainments. Without any question some consulting foresters will 
be able to carry on a very prosperous business, especially when they 
have established a national reputation which will cause a demand for 
Iheir services in the solution of particularly important problems. 

TEACHING AND RESEARCH WORK. 

The vocation of teaching offers many advantages to the technical 
forester. While the field is a rather limited one, there are still many 
openings for men with practical field experience and ability as 
teachers. The comparatively large number of schools in this country 
now offering complete courses in forestry has demanded more men 
with experience than could readily be found, and it is not likely that 
this field will soon be overcrowded. The teacher of forestry has tho 
advantage of being able to spend much of his time in the field and to 
carry on original studies in connection with the regular school work. 

Closely associated with educational work is research work. So far 
this is an almost untouched field. There can be no question, however, 
that it is an extremely important one, which offers attractive oppor- 
tunities to a limited number of suitably trained men. Carefully 
conducted scientific investigations must lay the foundation for all 
practical woods work, and the men who carry on these investigations 
are really guiding the development of forestry. These investigations 
must be not only along lines which have always been generally recog- 
nized as belonging .to forestry, but also along such lines as forest 
entomology, pathology, meteorology, and soils. It can hardly be 
questioned that in investigations of this character a technical and 
practical training in forestry would be of especial value. 

Research work will be carried on at educational institutions, by 
the Federal Government, to some extent by the individual States^ 
and possibly at privately supported experiment stations. As in 
other scientific work the compensation will not usually be so large as 
for high-grade administrative work, but will undoubtedly be suffi- 
cient to afford a comfortable living. 

Approved: 

James Wilson, 

Secretary of Agriculture. 

Washington, D. C, July i, 1912. 
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EXTRACmG AND CLEANING FOREST TREE SEED. 



The extraction and cleaning of seed from cone-bearing trees are 
essential steps in artificial forestation. Economical methods and de- 
vices for doing this work have not yet been fully developed or stand- 
ardized in the United States. Even the fundamental conditions 
necessary to prevent overheating, crushing, molding, and other in- 
juries to seed, in extracting and cleaning, are not thoroughly under- 
stood. This is particularly true where small quantities are handled 
with simple appliances. The following directions, compiled from the 
experience of a number of members of the Forest Service, are designed 
to meet the needs of Forest officers and others who extract and clean 
seed in small amounts, without the facilities of a fully equipped plant. 

STORING CONES BEFOB.E DBYING. 

It is always preferable, especially when only natural heat is to be 
used, to begin drying cones at the earliest possible opportunity. 
When artificial heat is to be used finally, preliminary drying keeps 
the cones in good condition and enables them to be opened more 
readily later. The best method of handling cones is to spread them 
on canvas drying sheets in the open as soon as they are received. 
In fair weather this should always be done. If the weather is un- 
favorable, cones should be spread on canvas sheets in a dry building 
where plenty of air is circulating. Where there is not enough space 
to do this, they should be dumped into bins separated from each other 
by slat partitions set about one-half inch apart. Ventilating pipes, 
through the center of each bin, will increase the air circulation. 

A fair makeshift for these methods is to pile the cones in heaps 
in the open or in a well- ventilated room. If in the open, they should 
be covered during wet weather in order to keep them as dry as poS' 
sible. In any event, the cones should be shoveled or raked frequently 
to provide ample ventilation and prevent molding or mildewing. 
They should not be left in tied sacks, but if this is not avoidable they 
should be stored only in a dry, cool room. They should never be 
stored in dark, damp, or ill-ventilated rooms. Such conditions 
almost invariably cause molding and mildewing, and may lead to pre- 
mature germination. If mildewing starts, the cones should be spread 
on sheets in the sun and dried as thoroughly and rapidly as possible. 

5 
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Every precaution should be taken to keep away squirrels, chipmunks, 
and other rodents. This can ordinarily be done by the use of 
poisoned grain. 

HANDUKO CONES IN TBANSIT. 

In transporting cones to the place of extraction similar precau- 
tions should be taken to keep them dry and to prevent heating. 
Ordinarily the best method of shipping is in sound gunny or sugar 
sacks, closely tied to prevent loss of loose seed. When shipped in 
carload lots stock cars should be used if possible, since these afford 
the best circulation of air. If box cars must be used, the small doors 
or windows in the ends of the cars should be left open. The sacks 
should be stacked in rows with air spaces between them and between 
the outer rows and the sides of the car. Ample space for circulation 
of air should be left also between the tops of the stacks and the roof 
of the car. 

. Seed which has ripened naturally and which has been extracted 
without having been subjected to dampness or overheating is better 
than that extracted from mildewed or moldy cones. Any precau- 
tions taken to avoid these unfavorable conditions will produce seed 
of higher quality. 

DBTING CONES BT NATTTBAL HEAT. 
WHERE NATURAL DRYING 18 PRACTICABLE. 

With favorable weather conditions the seed of nearly all coniferous 
species, except lodgepole pine, can be extracted by the heat of the 
sun. Where this method can be used it gives the best and cheapest, 
though not always the quickest, results. In the southern Kocky 
Mountains it is nearly always practicable because of the clear skies, 
slight precipitation, and drying winds usually prevalent from Oc- 
tober to December. In the central and northern Rockies sun drying 
is possible in normal seasons until about October 20. Thereafter it 
is uncertain and not to be depended upon as a method of extraction. 
Sun drying is impracticable on the west side of the Cascades in Ore- 
gon and Washington because of frequent rains. It can be used in 
the eastern parts of these States only under particularly favorable 
weather conditions. Sun drying can be used in southern California, 
but in the Sierras its success is doubtful, except in particularly dry 
seasons. In any locality this method may be precluded by an un- 
usually wet fall, or it may be stopped in the midst of the season by 
unfavorable weather. 

EQUIPMENT. 

To extract seed to the best advantage by sun .drying the work must 
be thoroughly organized in detail and the necessary equipment must 
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be on hand as soon as the first cones are received. The short period 
during which sun drying can be employed makes any delay in start- 
ing the work inadvisable. 

The first requisite is a supply of 12 by 14 feet, 8-ounce canvas dry- 
ing sheets. These are used both for spreading and covering the cones. 
If canvas sheets are not available wagon covers, tents, tent flies^ 
burlap, and heavy muslin are substitutes. A' sufficient number of 
drying sheets at the outset is essential, and their shortage has hereto- 
fore been one of the greatest drawbacks to successful work. 

If trays or raised platforms are to be used in drying, in connection 
with sheets, these should also be ready when the cones are received. 
One or more shovels and wooden rakes should be available. 

SELECTION OF SinB. 

The site for open-air drying must be carefully selected. An open 
place on top of a low ridge or bench is usually preferable. Small 
openings surrounded by bodies of timber are not suitable, because the 
trees prevent good circulation of air. The ground should be level, 
or, preferably, sloping gently toward the south, and should be thor- 
oughly cleared of brush, weeds, stones, and other rubbish before work 
begins. If no favorable site can be found in the neighborhood of 
the collecting area or if it is anticipated that drying can not be com- 
pleted before wet and cold weather sets in it may be best to select a 
site at a lower altitude, where drying will be more rapid and can be 
continued until a later date. The facilities for transporting the conesi 
must, of course, be considered. 

spreading the cones. 

Before spreading cones for drying it is advisable to run them over 
a coarse screen to separate loose sticks, twigs, stones, dirt, needles, 
and other debris. If this is not done such material becomes mixed 
with the seed and makes future cleaning more difficult. 

After the cones have been cleaned they should be spread on the 
canvas sheets in a thin layer, ordinarily not more than one cone deep, 
so that all are exposed to the air. They should be raked over at least 
once a day in order that all parts of the cones may be exposed to 
both sun and wind. If lack of space makes it necessary to spread 
to a greater depth, the cones should be raked or shoveled at least 
four times a day. Cones should never be piled deep. Considerable 
seed is usually obtained from the cones by raking while drying, 
especially during the' hottest part of the day, but further extraction 
is nearly always necessary. 

Keeping cones off the ground. — In continued dry weather good 
results can be obtained by spreading the sheets directly upon tho 
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sufficient room for expansion, however, it is safer, in planning on 
the number of drying sheets needed, to allow only 8 or 9 bushels to 
each sheet. 

Time required. — The time required for cones to open varies greatly 
with climatic conditions and slightly with different species. A suc- 
cession of clear, sunny days and frosty nights, with good winds, will 
open cones very rapidly. In good weather mature yellow pine cones 
will open in from 3 to 5 days. Under ordinary weather conditions 
from 4 to 10 days are required, and in damp, stormy weather often 
as many as 15 days. Douglas fir and Engelmann spruce usually 
require a day or two longer under the same conditions. Lodgepole 
pine takes so much longer that sun drying is seldom attempted. 
Cones picked early in the season, before they are thoroughly ripe, 
open much more slowly than those picked later. 

Nnmber of sheets needed. — An estimate of the number of drying 
sheets needed for 1,000 bushels of western yellow pine cones may 
be made as follows: Ten bushels of cones can be spread on each 
sheet ; if it takes 5 days to open each batch of cones and tliere are 20 
good drying days in the fall each sheet can be used four times. In 
other words, 40 bushels can be handled on each sheet. Dividing 1 ,000 
by this gives 25, the total number of sheets needed for the work. 
Bad weather or the need of additional sheets for covers may make 
this number insufficient. It is always well, therefore, to make the 
estimate liberal, since lack of a few drying sheets at a critical time 
may cause serious delay and even the loss of much seed. 

DRYING CONES BY ARTIFICIAL HEAT. 

With lodgepole pine, and with other species when weather condi- 
tions are unfavorable, artificial drying must be used. This method 
is quicker *than drying by natural heat and is not dependent upon 
the weather. It is, however, more difficult, more expensive, and 
ordinarily does not yield as good seed; therefore it should not be 
used except when outdoor drying is not practicable. Most of the 
artificial drying is done at permanent, fully equipped extracting 
plants to which cones are shipped from a large area. This circular 
is designed for the smaller, temporary plants which must be handled 
by less experienced men with simple appliances. 

EQUIPMENT NEEDED. 

Cabins. — The first essential in drying by artificial heat is some sort 
of shelter which will protect the cones from weather and be suffi- 
ciently tight to make it possible to raise the temperature to at least 
110° F. An empty room in a cabin may serve the purpose and often 
makes as satisfactory a substitute for a regular kiln as can be ob- 
tained. It must have tight walls and plenty of space for trays 
around the sides and for a stove. Often one room of a cabin is used 
for drying and another for storing and extracting. 
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Tents. — ^Large tents with high walls make fair drying rooms; 
12 by 16 foot or 16 by 20 foot tents with 5 or 6 foot walls may be 
used, but larger tents have given the most satisfactory results. Dry- 
ing is more difficult in tents than in buildings, but the former have 
the great advantage of being readily transported "from place to place 
where cones are collected. Ordinarily the largest tents are used for 
drying and smaller tents for storing and extracting. 

Stoves. — Small, temporary drying rooms are almost invariably 
heated by stoves. In buildings, box stoves equipped with drums have 
been generally used with satisfactory results. In tents, low, conical 
stoves have been more frequently used, but, as a rule, with poorer 
results. They are cheap and easily put up, but require constaiit 
attention. Empty cones will not burn well in them. These are 
serious drawbacks, and the use of box stoves with drums is prefareble. 

Drying trays. — The cones are usually spread in trays with wire bot- 
toms arranged in racks along the sides of the room or tent. Trays 
are generally made of 2 by 4 inch material, and vary in size from 
2 by 3 to 3 by 4 feet. THe larger trays are used only with lighter 
cones, since they are more difficult to handle, especially where space 
is limited. The bottom of the tray is wire netting, usually with a 
J -inch mesh for lodgepole pine and with a f-inch mesh for species 
with larger cones. Twelve square feet of tray space hold approxi- 
mately 1 bushel of cones, spread thinly. 

Cones may also be spread on pieces of wire netting stretched hori- 
zontally between the racks at intervals of 6 or 8 inches, with a vertical 
strip at each end to prevent them from falling on the floor when 
raked. Handling the cones is more difficult with this method, and 
the apparatus is less easily transported from one place to another. 
With either method a strip of canvas should be spread on the floor to 
catch the seeds as they fall through the netting, unless the floor 
is so smooth that seed can readily be swept from it without the 
use of canvas. It is essential that the trays be far enough apart 
to permit ample circulation of air. There should be a liberal supply 
of high registering thermometers to keep an accurate record of the 
temperature in different parts of the drying room. 

FIRE PRECAUTIONS. 

With the high temperature and dry air prevailing in the kiln room, 
extreme precaution must be taken to prevent fire. Where water 
pressure is available, a hose should always be connected and ready 
for use. Chemical fire extinguishers should be secured as additional 
safeguards. If neither of these measures is practicable, several 
buckets should be kept filled with water, to be instantly available. 
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DISTRIBUTION OF HEAT. 

One of the most difficult problems in running an improvised kiln 
is to maintain a constant supply of heat and distribute it evenly 
through all parts of the drying room. The first step should be to 
make the room, whether in a building or tent, as tight as possible, 
except for the vents required for ventilation. All chinks in a build- 
ing should be closed completely. The next precaution is to secure 
as constant temperature as possible. Wherever practicable, as hot 
a fire should be kept up at night as during the day. This is particu- 
larly necessary in a tent, where any dying down of the fire at night 
eauses the air to cool rapidly, with consequent delay and loss of time 
and labor. 

The stove has ordinarily been placed in the center of the room 
and approximately level with the lowest tiers of trays. This results 
in much slower drying of the cones near the bottom of the room 
and at a distance from the stove. Attempts have been made to 
obviate this difficulty by dividing the stovepipe into sections and 
carrying it through as much of the room as possible, but without 
complete success. Better drying is secured in the farther ends of 
the room, but the bottom remains much cooler than the top. This 
difference is especially marked in tents, where cold air constantly 
passes in under the walls. With only one stove, even distribution 
of heat is impossible. With stoves set at opposite ends of the tent 
and connected by a single stovepipe, conditions are but little better. 
In one instance where this arrangement was used, a difference of 
from 20° to 30° F. was found in the temperature of the air at the 
highest and lowest trays *in a six-tier stack 

One method of hastening the opening of the cones in the lower 
trays is to raise them as the drying proceeds and the cones in the 
upper trays are removed. This, however, requires additional hand- 
ling and loss of time. A better method wherever space is available 
is to place the lowest tier of trays somewhat above the stove. Room 
for air circulation is essential. The tiers of trays should be at least 
i inches apart vertically, preferably 8 inches, and the same distance 
from the walls. 

Hejating^ the dry room from below. — The best method of securing 
evsen distribution of heat, although not always practicable, is to have 
the drying room heated from below. If conditions permit, excavate 
under the building and place the stove below the floor. This will 
Hot only heat the room above more evenly, but furnishes additional 
space for spreading cones. The stovepipes should pass through as 
many parts of the dry room as possible. Still better results will be 
obtained if hot-air pipes can be conducted from the drum of the 
stove into the room above, and even more heat can be made available 
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by inclosing the stovepipes in jackets, which need not extend farther 
than the openings where the pipes pierce the floor. 

IDEAL DRY HOUSE. 

An ideal dry house contains three stories, built in the side of a 
hill to take advantage of gravity, and to utilize the earth which 
partly surrounds the building to prevent the escape of the heat. The 
cones are unloaded into the third story from a road on the hillside. 
From this storeroom, or preliminary drying room, the cones are 
dropped to the second floor or kiln room. The ground floor contains 
the extracting room, furnace, and other equipment. The furnace may 
consist merely of a large box stove, burning long sticks of wood, 
inclosed in a galvanized-iron jacket packed with mineral wool or 
asbestos to prevent radiation of heat. From this jacket the heat is 
conducted through two pipes into the drying room or kiln. The 
heat is thus used, where it is most needed, and its escape into the 
space about the furnace prevented. The building can be built, if 
necessary, only two stories high, in which case the cones are either 
unloaded directly into the second story or kiln room, or* stored on 
the ground floor until ready for drying. 

VENTILATION. 

The proper ventilation of drying rooms, while less difficult than 
the even distribution of heat, is fully as important. All undried 
cones contain some moisture. As this is driven off the air becomes 
more and more saturated. Saturated air not only prevents rapid 
drying of the cones, but may injure the seed embryos. German ex- 
periments indicate that damp cold air is much more harmful to 
seeds than dry warm air. Some method of ventilation — letting in 
fresh, dry air and letting out moist air — ^is, therefore, essential. 

The method usually employed is to insert one or two ventilators 
in the roof of the building or tent and also in openings near the floor 
for the entrance of fresh air. The amount of air taken in and let 
out can be regulated by adjustment of the ventilators. Tents are 
usually so open at the bottom that it is not necessary to make spe- 
cial provision for fresh air. Where the drying room is heated from 
below, fresh air can be admitted through dampers or ventilators in 
the jacket surrounding the stove. Vents to maintain circulation 
should also be provided in the roof of the drying room. 

While usually th^ best practicable, these methods of ventilation are 
necessarily crude and wasteful. As the air cools and absorbs moist- 
ure, it becomes heavier and sinks to the floor. Vents in the roof 
carry off much of the hot, dry, light air which should be retained, 
A certain amount of heavy moist air is, however, carried out with 
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the current, and the circulation of air, so essential to drying the 
cones, is maintained. 

An improved method removes the saturated air directly from 
the floor by pipe ventilators extending from the floor through the 
roof. In one kiln, fresh air is admitted directly under a small box 
stove with a heating drum placed near the center of the room. As 
this air becomes heated it rises to the ceiling, where it spreads to the 
side walls and, cooling slightly, descends in a steady stream over the 
trays. Each tier of trays is set a little nearer the wall than the one 
above. The trays thus catch the descending current of hot air, which 
flows over them. They are slightly tilted toward the center of the 
room, so that as the air cools and absorbs moisture froin the cones^ 
it runs off the lower edge of the trays like water from a roof. The 
saturated air is sucked up by pipe ventilators passing through the 
roof and having inlets at the floor level. 

APPLICATION OF MOISTURE BEFORE DRTING. 

Wetting cones before drying apparently does more harm thaa 
good with any species except lodgepole pine. Lodgepole pine cone^ 
dipped in very hot water for not over one minute have in some cases 
been found to open more readily and to give a higher yield than 
unmoistened cones. This treatment, however, should be applied 
only to very tight cones and should not be of sufficient duration to 
add appreciably to their water content. Its only advantage is in 
loosening the sealed tips of the cone scales. Experiments have alsa 
shown that live steam applied under a pressure of one-half pound 
for 30 seconds assists in opening cones without impairing the fer- 
tility of the seed. Such treatment, however, is possible only at fully 
equipped extracting plants. 

Even with lodgepole pine, a preliminary wetting is not essential 
and good results are obtained without it. Continued soaking of 
cones has almost uniformly lessened the ease of extraction and 
yielded seed of poorer quality. As a general rule, the cones should 
be as dry as possible before they are put in the kiln. Preliminary 
drying in the open or in well- ventilated storerooms will hasten open- 
ing after artificial heat is applied. 

TEMPERATURE REQUIRED. 

The degree of heat and the length of time required to open cones 
vary 'somewhat with different species, but still more with the con- 
ditions under which the drying is done. In a well-equipped plant, 
drying may be finished in less than half the time required in a tent, 
even with the same temperature. It is, therefore,' impossible to cite 
average figures of general application. Ordinarily, the higher the 
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temperature the quicker the drying can be accomplished. Dry heat, 
however, is more effective than moist heat, and heat that is too in- 
tense is very apt to impair the fertility of the seed. This is particu- 
larly true of intense moist heat. Often this injury to seed is not 
appreciated at the time, since the deterioration does not become 
apparent until several months later. 

The maximum temperature which should ordinarily be applied to 
all species except lodgepole pine is 120® F. This can be raised safely 
to ISO*' F. if the air is dry and good ventilation provided. Lodge- 
pole cones should not as a rule be subjected to a temperature of more 
than 140° F., although this can be raised safely to 150° F. under 
favorable conditions. Lodgepole pine cones are hardest to open; 
then come in order western white pine, western yellow pine, Engel- 
mann spruce, and finally Douglas fir, which can often be dried satis- 
factorily at a temperature of 110° F. 

TIME REQUIRED. 

At well-equipped plants lodgepole pine cones should be thoroughly 
dried at a constant temperature of 140° F. in from 8 to 10 hours, and 
other species at a constant temperature of 120° F. in 10 to 15 hours, 
assuming that the cones are mature and moderately dry when put 
into the kiln and that the room is evenly heated and well ventilated. 
Under less favorable conditions these periods may be greatly in- 
creased. In one instance, lodgepole pine cones dried in a tent at 
140° F. took 44 hours to open. The difference was due mainly to 
loss of heat in the tent and its uneven distribution. Preliminary 
drying of the cones for a few hours at 80° to 100° F. has been found 
an advantage. Opening will also be hastened if the cones are spread 
thinly in the trays and stirred frequently, to make the drying more 
uniform. 

EXTBACTING SEED FROM DBIED CONES. 

After the cones have been thoroughly dried, the next step is to 
iBxtract the seed. Merely to rake over the cones as they are drying 
in the sun or kiln is the simplest but least efficient method. It is 
most successful with western yellow pine, but even with this species 
better results can usually be obtained by shaking. The practice of 
placing. cones in sacks and beating them with clubs to loosen the seed 
has also proved unsatisfactory. It requires too much time and yields 
only a little additional seed, which is apt to be of poor quality. 

TRAY SHAKERS. 

In nearly every case, therefore, to secure the maximum amount of 
seed some method of shaking must be used to release the seeds from 
the opened cones. One of the earliest and simplest devices is a tray 
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or frame with a wire-screen bottom, in which the cones are shaken 
or worked over. The framework is usually of 6-inch boards, varying 
from 3 by 6 feet to 5 by 7 feet in size. One-half inch mesh woven 
wire is used for the bottom. The tray may be stationary, supported 
on legs; or equipped with handles at both ends, so that it can be 
shaken by two men; or equipped with handles at one end and sus- 
pended by ropes from a tree at the other, so that it can be shaken by 
one man. Either of the last two devices is more satisfactory than the 
first, since much more thorough shaking of the cones is possible. 
A canvas sheet should be spread beneath the shaker to catch the seeds 
as they fall through the screen bottom. A similar shaker, but of 
different size and shape, consists of a box 30 by 18 by 18 inches, with- 
out a top and with wire screen bottom. This, too, is huoag from the 
limb of a tree and is shaken in the same way. It contains about a 
bushel of cones and has a capacity of 50 bushels a day. Wooden 
blocks are often put in tray shakers to increase the jarring effect. 

BOX SHAKERS. 

All of these devices, while cnide, can be used to advantage when 
other methods are not practicable. Better results can be obtained by 
the use of revolving cone shakers. These may be either box-like or 
cylindrical in shape and are often known as " churns " or " drums." 
The box shaker has been more generally used. It may be con- 
structed readily from a dry-goods box of proper size. It should be 
large enough to hold from 2 to 4 bushels of cones when half full. 
Four feet long by three feet square in cross section is a common size, 
although both larger and smaller boxes are used with good results. 
One or more sides of the box should be composed entirely of wire 
screen. A frame is needed for support, and the extracted seeds fall 
through to a canvas placed beneath. With most species a J-ii^cli 
mesh is most satisfactory for the screen. With lodgepole pine a 
^-inch mesh lets the seed through as readily and keeps out more 
rubbish. » 

Half of one side of the box should be made into a hinged dooc 
through which the cones can be placed in or dmnped out of the 
shaker. Lengthwise through the center of the box should be run an 
axis of 2 by 4 inch or 3 by 3 inch lumber, or 2-inch iron pipe^ pro- 
jecting through the box and supported at both ends like a windlass. 
By attaching a crank to this axle the whole box can be revolved. 
The eflSciency of the shaker may be increased by placing small cleats 
inside the box or by addi;ag small wooden blocks to the cones to 
increase the jarring effect. The additional devices are unnecessary 
and undesirable, however, with species such as western yellow pine, 
which give up their seeds readily, since it breaks up the cone scales 
and makes cleaning of the seed more difficult. 



EXTBAOTING AND CLEANING FOREST TREE SEED. 17 

CYLINDRICAL SHAKERS. 

A convenient size for the cylindrical shaker is 3 feet in diameter 
by 4 feet long. The ends are of wood, but the sides consist of heavy 
wire screening, usually with i-inch mesh, supported by a wooden 
framework, and a hinged door. An axle is put through the center 
of the cylinder, a handle attached, and the entire machine set on a 
sawhorse or windlass. 

_ * 

Of these types of shakers, the box is more easily constructed, and 
is more effective with cones from which the seeds are extracted with 
diflSculty, since the shaking is more violent. On the other hand, 
this is a disadvantage m the case of easily extracted seed, since it 
breaks up the cones and increases the amount of rubbish to be removed. 
Small cones, furthermore, like those of lodgepole pine, are apt to 
collect in the comers of box shakers. 

Shakers of both types should be revolved at a rate which will just 
bring the cones to the top of the mass and then allow them to fall 
straight to the bottom. The speed necessary varies with different 
species, as does also the number of revolutions required to extract all 
of the seed. From 20 to 40 revolutions is ordinarily suflBicient to get 
practically all of the good seed. Too much time should not be spent 
in trying to secure every seed, since those at the extremities of the 
cones, which are extracted with the most diflSiculty, are often imper- 
fect, and their presence in good seed lowers the quality of the whole. 

BARREL SHAKERS. 

A barrel may be used for seed extracting in practically the same 
way as the devices already described. Ojie and a half inch iron pipe, 
with a crank at one end, is run through the center of the barrel. 
With this as an axis the barrel is mounted on a box about 4 feet long, 
2^ feet widcj and 3 feet high. Both ends of the barrel are screened, 
with one screen movable to permit filling and emptying. For con- 
venience in handling the seeds a tray may be fitted into the box to 
catch them as they fall from the barrel. The large box is useful 
not only as a means of support but also to keep the see5. from blow- 
ing away. A 40-gallon barrel, filled about two-thirds full, will hold 
from 2J to 3 bushels of well-opened Douglas fir cones. Seed can 
ordinarily be extracted thoroughly by revolving the barrel about 
five minutes. 

INCLINED SHAKERS. 

Where seed extraction is to be conducted on a more extensive scale 
a shaker capable of handling a larger quantity of cones should be 
built. This is hardly worth while for less than 250 bushels of cones. 
A model which has been used successfully with yellow-pine cones 
consists of a wooden frame 3 feet square at the ends and 16 feet long. 
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over which wire screening is stretched to form a long oblong box. 
The frame is held rigid with four internal X-shaped cross braces 
about 5 feet apart, connected at the ends by horizontal slats or 
strips. The screening is stretched horizontally from end to end of 
the frame and should never be wound round the frame. The frame- 
work may, of course, be constructed to fit any width of screen. The 
ends of this long screened box or shaker are left open to allow the 
free passage of cones. Holes are bored through the center of the 
four cross braces before they are put in the frame, and when the 
whole box is assembled a 2-inch iron pipe, bent at the upper end so as to 
form a crank, is thrust through these holes and firmly fastened to the 
frame, the lower end projecting beyond the shaker for a short dis- 
tance to form a support. This pipe is then set in two wooden frames 
so as to allow the shaker to revolve. The lower end of the chum 
should be mounted from 3 to 6 inches below the upper end, where 
the cones are inserted. A chute should be constructed at the upper 
end, so that cones dumped into the chute will roll directly into the ' 
shaker. When in operation the whole machine should be set on 
canvas sheets to catch the seed as it falls through the wire screens. 
One man is required to revolve the shaker, another to pour in the 
cones, and a third to remove the empty cones at the lower end. The 
total cost of this apparatus is about $5. It has a capacity of approxi- 
mately 40 bushels of yellow-pine cones per hour. With other species 
which give up their seed less readily a modification of this design is 
necessary to secure a more violent shaking of the cones.^ 

SORTING CONES. 

Various appliances to separate opened from unopened cones 
have been devised. These consist of slats so spaced as to permit the 
small, unopened cones to pass through while retaining the larger^ 
opened cones, the principle being similar to that used in machines 
for grading fruit by size. Such devices generally give poor results 
on account of the irregular size of both opened and unopened cones. 
It is usually preferable to sort cones by hand. The small amount of 
seed, however, ordinarily obtained from cones which do not open in 
the first drying does not justify much expenditure for sorting. 

SEED CLEANING. 
IMPURITIES PRESENT. 

After extraction from the cones, the seed contains impurities which 
must be removed. Aside from wings, these consist mainly of broken 
cone scales and needles, broken and empty seeds, resin, and dust. 

1 Illustrations of this machine and of a box shaker are given In Plate IV of Forest 
Service Bulletin 98, " Reforestation on the National Forests." 
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The amount of broken cone scales depends partly on the species 
and partly on the treatment to which the cones are subjected during 
extraction. Seed of species whose cones are very brittle naturally 
contains more extraneous matter of this character. With most spe- 
cies, however, it is possible to avoid breaking the cones badly if they 
are shaken out rather than crushed out. The common method of 
putting heavy blocks of wood in the shaker with the cones is excellent 
for species whose seed is hard to extract or whose cones are tough. 
For other species, however, this method is undesirable, since it not 
only increases the difficulty of cleaning the seed, but is apt to injure 
it. It is advisable, therefore, to use no more violence than necessary, 
even if this makes extraction slower. The loss of time will be more 
than offset by the greater ease of cleaning. Twigs and broken needles 
can be largely kept out by screening the cones before drying is begun. 

The presence of broken seeds depends chiefly on the treatment of 
the cones, which has been discussed. Empty seeds are also present 
in nearly all samples. Their proportion depends partly on the 
species, but mainly on the season. In a poor seed year empty seeds 
are usually abundant; in a good seed year comparatively rare. They 
can be separated from good seed only by fanning. 

The presence of resin in seed depends mainly upon the species. It 
is probable, however, that crushing or overheating the cones increases 
its amount. It is certain that overheating, by softening and melting 
the resin, makes it much harder to remove. When the cones are 
heated to such an extent that resin sticks to the seed, it is practically 
impossible to remove it. Dust is always present to a greater or less 
extent. 

REMOVAL OF WINGS. 

The seed of all western conifers commonly handled have wings, 
which are usually, though not necessarily, removed when the seed 
is cleaned. Eemoval of the wings probably decreases the germinative 
power of seeds to a small extent. It so greatly facilitates the ease 
with which they can be handled, however, that the practice is almost 
universal. In the pines, the entire wing may be detached from the 
seed with comparative ease, particularly if the seeds are first mois- 
tened slightly. With other species, however, the wings form part of 
the seed coat, and can be removed only by actually breaking them 
oflF. Moistening the seed is therefore of doubtful value. 

By flails. — One of the oldest and commonest methods of removing 
wings is to work the seed over in seamless sacks, the mouths of which 
are securely tied. The sacks are beaten with light flails, usually of 
leather, or kneaded with the hands and knees. Sometimes the sacks 
are tramped under foot for a few moments, but this method impairs 
the quality of the seed. With the pines, to which this method is 
particularly applicable, the wings are more readily removed if the 
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seed is slightly moistened with cold water. This may be done readily 
by putting the seed in a box, adding a little cold water and stirring 
with a shovel. 

Another application of the wet process is to pile the seed 6 or 8 
inches deep on a cement or plank floor, sprinkle it lightly with water, 
and then beat it energetically with leather flails. The wings can 
often be removed completely with the use of very little water. A 
similar method of removing the wings from pine seeds is to moisten 
them slightly and then chum the mass in a cylindrical drum until the 
wings become detached. 

Wet and dry process. — Whenever the wet process is used, the seed 
must be dried immediately so that its vitality will not be impaired. 
The relative merits of the dry and wet processes depend partly upon 
whether the seed is to be stored for some time or used within a few 
months. In the latter case the wet process is ordinarily safe. If 
the seeds are to be stored for a year or more the dry process should 
be used. 

By churns. — Another method of removing wings is to rub the seeds 
together with a number of small wooden blocks. This may be done 
by churning the seeds and wooden blocks in a box or barrel mounted 
on an axle so as to be rotated, or by keeping the box stationary and 
applying friction by rotating brooms nailed to a spindle running 
through the center. In the latter case, if the box is tilted at a slight 
angle and a hole cut in the lower end, the seeds will gradually work 
out with the wings broken off. 

By screens. — Still other methods depend wholly on the use of 
screens. The simplest of these is to rub the seed as it comes from 
the extractor over a fine screen fastened on an empty box or stout 
frame. The rubbing may be done with a stiff scrubbing brush, a 
block of wood covered with corrugated rubber, or a piece of tough 
carpet, or the hands covered with rough gloves. As the wings are 
rubbed off the seeds gradually drop through the screen, leaving a 
large part of the wings and all of the coarser impurities on top. 
One-sixth inch mesh is the best size for screening yellow pine and 
Douglas fir seed; with lodgepole pine and Engelmann spruce one- 
eighth inch mesh is- preferable. The wings of the seed are more 
easily removed if the seeds are moistened slightly with cold water 
before screening. 

With most species the first screening ordinarily does not remove the 
wings completely. To secure this final removal the seeds and small 
chaff coming through the first screen may be churned in a small cyl- 
indrical drum, covered with very fine-meshed wire, together with 
several small pieces of wood. This process removes the remainder of 
the wings, which, with other small particles of dirt, fall through the 
screening, leaving clean seed behind. 
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By mechanical cleaners. — A somewhat similar method, preferable 
when the work is done on a large scale, makes use of a mechanical 
cleaner or wing crusher. This consists of a rotating cylinder bear- 
ing upon the outside several scrubbing brushes with stiff bristles, 
which during about ontf-third of each revolution press firmly against 
a wire screen of fine mesh. The screen against which the brushes 
press as they revolve may be adjusted to regulate the pressure of the 
bristles against it. The seed is dropped into the space between the 
screen and the brushes, and the wings are removed as the seeds pass 
under the brushes; the fragments of wings and chaff drop through 
the wire screen. When using such an apparatus with pine seed a 
slight moistening of the seeds with cold water is advisable before 
putting them into the hopper. 

FINAL CLEANING OF SEED. 

The final cleaning of seed is done by screening and fanning. 
Thoroughly clean seed can not be obtained without fanning. Where 
no fanning mill is available, fairly clean seed can be obtained by 
passing the seeds through wire screens of different sized mesh to 
remove first the coarser particles, such as pieces of cone scales, twigs, 
and needles, and then the finer chaff and pieces' of broken wings; 
and finally by winnowing the remaining seed in the wind or by 
bellows or other mechanical devices. A blacksmith's rotary blower 
has been used effectively in winnowing lodgepole pine seed. 

Seed may be fanned in one of the ordinary farm machines for 
cleaning grain. It removes practically all broken and empty seed 
as well as much of the resiii and other impurities if the draft is 
properly regulated and screens with the right-sized mesh are used. 
It is essential that the wings be removed from seed before fanning, 
otherwise many good winged seeds will be lost. Not infrequently, 
particularly with poorly adjusted machines, the seed must be fanned 
more than once before it is thoroughly cleaned. 

Before purchasing grain-cleaning machines their adaptation to 
cleaning coniferous seed must be fully determined. Many of' the 
ordinary machines have yielded but poorly cleaned seed with low 
fertility, even after running the seed through the mill six or seven 
times. This" increases cost of power and labor and adds the expense 
of storing and handling a considerable amount of refuse with the 
seed. Two machines have proved satisfactory. One of the impor- 
tant points in selecting a fanning machine is to secure screens prop- 
erly perforated for the species which is to be handled. 

Certain impurities, such as pieces of cone scales, resin particles, 
and twigs of the same size and weight as seeds, can not be removed 
ordinarily by screening or fanning. The only way to get rid of these 
is to pick them out by hand, and this is seldom warranted. Such 
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foreign matter usually composes a very small proportion of the total 
weight of seed, and its presence does little if any hann. 

SEED STOBIHG. 

Wherever possible, clean seed should be stored in air-tight recep- 
tacles of glass or metal. Seed stored in such receptacles retains its 
vitality under any conditions of temperature and moisture much 
better than in any other except cold storage, which is seldom avail- 
able. Where neither of these methods of storage is available, the 
seed should be thoroughly dried and stored in a dry and cool place. 
Some deterioration will take place under these conditions, but ordi- 
narily not sufficient within one year to be of serious consequence. 
The storing of seed in cement cellars with the wings attached has 
been found by Austrian experimenters to give better results than 
storage with the wings removed. It is doubtful, however, whether 
the slight saving in vitality offsets the advantage of handling and 
using clean seed. In every case the seed should be thoroughly pro- 
tected from rodents, either by the use of poison, by being stored in 
rodent-proof buildings, or by being hung in sacks out of reach. 

SJTMMARY. 
STOKENG CONES. 

Make all arrangements to begin drying the cones as soon as th«y 
are received. This is necessary on account of the short season when 
outdoor drying is possible. 

If storage is necessary, take every precaution to prevent the cones 
from heating or molding. Never store them in damp or ill-ventilated 
rooms. 

DRYING BY NATURAL HEAT. 

Use outdoor drying whenever practicable with all species except 
lodgepole pine. 

Screen the cones before drying to remove needles and other foreign 
matter. 

Do not spread the cones too thickly on the drying sheets. 

Protect the cones while drying from rodents and from moisture. 

DRYING BY ARTIFICIAL HEAT. 

Make every effort to secure even distribution of heat and good 
ventilation. 

Avoid sudden or extreme fluctuations in temperature. 

Never let the temperature rise above 150° F. with lodgepole pine 
or above 130° F. with other species. 

Do not wet cones before drying, except lodgepole pine, and then 
only superficially. 
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Do not pile the cones too thickly in the trays. 
Have the best available apparatus for putting out fires always 
ready for use. 

EXTRACTING SEED. 

Dp not break the cone scales in raking or shaking more than is 
absolutely necessary. 

Extract the seed as thoroughly as possible, but do not attempt to 
secure every single seed. 

CLEANING SEED. 

If moisture is used in removing wings, dry the seed. as thoroughly 
and quickly as possible. 

Do not use moisture in cleaning any but pine seed. 

Do not consider seed clean until wings, impurities, and empty and 
broken seeds have been removed. 

STORING SEED. 

Store clean seed whenever possible in air-tight receptacles. 
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SERVICE TESTS OF TIES: PROGRESS REPORT. 



THE NEED FOB SERVICE TESTS. 

At the present time all railway maintenance engineers admit the 
advisability of protecting wooden crossties from decay and mechan- 
ical abrasion. The increasing number of ties which are given treat- 
ment and the many forms of mechanical devices to protect them 
against wear indicate this attitude. Nevertheless, opinions on the 
efficiency of the various treatments and devices diflFer widely because 
there is very little reliable information to show what method of 
preserving ties from decay is best or what kind of rail fastening 
yields most satisfactory results. To seciu'e this knowledge some 
railroads have made efforts to keep records of the life of their ties by 
the use of dating nails or other means. Experience has shown, how- 
ever, that it is practically impossible to secure satisfactory records 
by attempting to include all the ties placed. Much more accurate 
and valuable information can be secured, at lower cost, by obtaining 
complete records on a comparatively few representative ties than 
by incomplete or doubtful records covering all ties in service. For 
this reason special tests are now considered more valuable, and the 
former practice of driving dating nails into all treated ties is falling 
into disuse. 

The demand for definite information on the durability of ties under 
conditions of service can not be met by laboratory experiments, 
because the conditions of practice can not be duplicated in the 
laboratory, nor can they be even remotely approached. Therefore 
the Forest Service undertook, in cooperation with various railroads 
and tie-treating plants, to obtain durabiUty records of ties in actual 
service by means of carefully planned tests. The first test was 
started in 1902; at the present time there are in various parts of the 
country eight test tracks which have been established through this 
cooperation. 

FTTBPOSE OF THE PUBLICATION. 

This report is a record of the test tracks which have been laid 
and makes available the results which have thus far been secured. 
Owing to the complexity of the problem, and to the fact that in 
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most cases deterioration takes place slowly, many years must elapse 
before final conclusions can be drawn.* 

GENERAL PBOCEDXJKB IN THE TESTS. 

In these investigations it is the general practice for the railroad 
companies to bear the entire expense of fimiishing and treating the 
ties and placing them in the roadbed. The Forest Service plans the 
investigation, supervises the treating and the placing of the ties, 
makes frequent inspections, and compiles the data. With the excep- 
tion of the ties placed in the track of the Chicago, Milwaukee & St. 
Paul Railway Co., all of the treated ties were treated in commercial 
plants. The test ties in the Chicago, Milwaukee & St. Paul track 
were treated in the experimental cylinder of the Forest Products 
Laboratory and in their case more complete records of their treat- 
ment are available than in any other. 

In the inspections the following scheme is used for describing and 
classifying the ties : 

Decayed, — Ties so decayed as to warrant their early removal from 
the track. 

Partially decayed, — Ties partially affected with decay but still 
serviceable. 

Split. — Ties noticeably split or checked but still serviceable. 

Wbm.^— Ties noticeably damaged by rail or plate cutting but still 
serviceable. 

Spike cut. — Ties in which the spikes are noticeably loose or have 
damaged the wood. 

Good. — Ties not noticeably affected with decay and not badly split, 
checked, worn, or spiked. 

In certain instances it has been agreed that no ties removed from 
a test track for any cause whatever will be destroyed imtil a repre- 
sentative of the Forest Service has inspected them. There was no 
such agreement, however, with the Gulf, Colorado & Santa Fe Rail- 
way Co., and the records of the Forest Service applying to this road 
are now so incomplete that no further examination of this track will 
be made by the Forest Service. 

Throughout this publication patented and proprietary preserva- 
tives and processes are designated by the names by which they are 
generally known. 

^ For a record of test tracks laid by various railroads in the United States Independent of the Forest 
Service, see Bulletin 144 (vol. 13) of the American Railway Engineering Association. 



SEBVIOE TESTS OF TIES. 7 

BECOBDS OF TESTS. 

TEST TRACK LAID IN COOPERATION WITH THE GULF, COLORADO Sb 

SANTA FE RAILWAY CO. 

DESCRIPTION OP TRACK.* 

The 5,477 ties which were placed in the test track laid in cooperation 
with the Gulf, Colorado & Santa Fe Railway Co. were laid in Feb- 
ruary, 1902, in a level tangent between Pelican and Cleveland, Tex. 
No tie-plates were used and the rails were spiked to the ties with 
ordinary cut spikes. The ballast was composed largely of densely 
packed sand, banked in the middle; the ends of the ties were exposed. 
Sixty and sixty-one pound rails were used. The drainage is poor; 
the traffic, which is mostly westward, averaged about 166,000 tons 
per month at the time the test ties were placed. 

OBJECTS OF THE TEST. 

This test was designed to obtain information as to: 

(1) The durability of ties made from untreated beach; hemlock; 
black, red, Spanish, turkey, white, and willow oak; loblolly, longleaf, 
and shortleaf pine; and tamarack. 

(2) The efficiency of the Allardyce, Burnett, Hasselmann, and 
Wellhouse processes, and of preservative treatments with Beaumont 
oil, with spirittine, and with zinc chloride in combination with Beau- 

jnont oil and with English creosote. 

TREATMENT. 

The ties treated for this track were obtained from various sources 
and it was impossible at the time to use great care in selecting them. 
Many of the ties, therefore, were possibly not of the best of their 
kind. The descriptions of the treatments of the various lots of 
ties, given in connection with Tables 1 to 11, which show their con- 
dition, are based on the reports made by the persons in charge of 
the treatments. The number of ties of each species treated by any 
one plant by a given process was relatively small and various species 
were treated in the same charge. The absorption records for the 
charges are therefore of doubtful value as to any one species. 

1 A report of the laying of this track and of the first and second inspections is given in Bulletin 61, "Con- 
dition of Treated Timbers Laid In Texas in 1902/' by Hermann von Schrenk. 
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Tablb 1. — Condition of ties treated by the AUardyee process,^ at SomervUle^ Tex., after 

seven and one-half years' service. 



Kind of wood. 



» 



Beech 

Hemlock 

Oak, black 

Oak, red 

Oak, Spanish. . . 

Oak, turkey 

Oak, white 

Oak, wiUow 

Pine, loblolly. . . 
Pine,langleafs. 
Pine,shortleafs 
Tamarack 

Total 



Ori£- 
iniS 

num- 
ber 

plac- 
ed. 



50 
50 
60 
10 
10 
10 
100 
10 
50 
50 
50 
50 



500 



Ties remaining in track. 



Decay- 
ed. 



No. 
7 
19 
3 



56 



Par- 

tiaUy 

decay- 

eOa 



No. 
7 
10 
3 



.1 


2 


2 


7 


1 


4 


16 


6 







44 



Good. 



No. 
27 
11 
36 
10 
7 

10 
69 
5 
10 
31 
28 
32 



276 



Split 



No. 



9 
10 
18 



20 



17 
12 



91 



Total. 



No. 
50 
50 
60 
10 
10 
10 
98 
10 
49 
43 
28 
49 



467 



Serviceable ties remaining in 
track. 



Par- 
tially 
decay- 
ed. 



Peret.* 

14 

20 

5 



20 



7 
40 
12 



10 



9 



Good. 



Peret.* 
54 
22 
60 

100 
70 

100 
69 
50 
20 
62 
56 
64 



55 



SpUt 



Peret.* 
18 
20 
30 



20 



34 
24 



10 



18 



TotaL 



Per a.* 
86 
82 
95 

100 
00 

100 
96 
90 
66 
86 
56 
84 



81 



1 These ties were treated at the plant of the Texas Tie & Lumber Preserving Co. Various species were 
treated hi the same charge and tne ties were given an average ii^Jeetion of 12 pounds of 2 per cent sine 
chloride solution per cubic fbot, followed iminediately by an average injection of 3 pounds of creosote 
per cubic foot. 

s Based on number of ties originally placed. 

* Because of a change made in the location of some of the longleaf and shortleaf pine ties and of tbo 
loss of some of the marking rails, there is some doubt as to the accuracy of the records. 



Table 2. — Condition of ties treated with Beaumont oil,^ at Somerville, Tex., after seven 

and one-half years' service. 





Orie- 
inal 

num- 
ber 

plac- 
ed. 


Ties remaining in track. 


track. 


Kind of wood. 


Decay- 
ed. 


Par- 
tiaUy 
decay- 
ed. 


Good. 


Split. 


Total. 


Par- 
tially 
decay- 
ed. 


Good. 


Split 


Total. 


Pine, loblolly 


42 

100 


No. 
2 
23 


No. 

4' 


No. 


No. 


No. 
2 
30 


Perel.'^ 


Perct.'^ 


Per a.* 


Per cf.« 


Pine, longleaf 


4 


3 




7 


Total 


142 


25 


4 


3 




32 


3 


2 




5 







1 The treatment consisted of soaking the ties in the oil for 24 hours. The longleaf pine absorbed on an 
average 5.67 pounds, and the loblolly pine 4.24 pounds, per tie; the latter were not thoroughly seasoned 
before treatment. 

s Based on number of ties originally placed. 



SEBVICE TESTS OF TIES. 



9 



Table 3. — Condition o/Hea treated by the Burnett process,^ at Chicago, III., after seven 

andone-half years* service. 





Ab- 
sorp- 
tion 
dry 
saltJ 


Origi- 
nal 

num- 
ber 
placed. 


Ties remaining in track. 


Serviceable ties remaining 
in track. 


Kind of wood. 


De- 
cayed. 


Par- 
tiaUy 

de- 
cayed. 


Qood. 


Split. 


Total. 


Par- 
tiaUy 

de- 
cayed. 


Good. 

1 


Split. 


Total. 


Beech 


Lb, per 
eu.ft. 
0.41 
.62 


99 
100 

86 
101 

49 


No. 

8 

i' 


No. 
33 

7 
15 

4 
3 


No. 
39 
35 
33 
76 
32 


No. 
19 
27 
21 
21 
13 


No. 
99 
69 
83 
101 
49 


Perct.* 
33 

7 

17 
4 
6 


Perct.* 
40 
35 
38 
75 
65 


Pe^ct.* 
19 
27 
24 
20 
26 


Perct.* 
92 


Hemlock < 


69 


Oak. red 


79 


Oftlr. w^itft. » 


.26 
,41 


100 




98 






Total 




435 


23 


62 


215 


101 


401 


14 


50 


23 


87 









The treatment consisted of 



1 These ties were treated by the Chicago Tie <fe Timber Preserving Co. 
impregnation with a 4 per cent solution ofzinc diloride. 

s Based on weights of sample ties of each lot before and after treatment. 

t Based on number of ties ori^nally placed. 

« Because of a change made in the location of some of the hemlock ties and of the loss of some of the mark- 
ing nails there is some doubt as to the accuracy of the records. 



Table 4. — Condition of ties treated by the Burnett process ^^ at Somervillej Tex., after 

seven and one-half years^ service. 





Origi- 
nal 

num- 
ber 

placed. 


'■  • 
Ties remaining in track. 


Serviceable ties remaining In 
track. 


Kind of wood. 


De- 
cayed. 


Par- 
tiaUy 

de- 
cayed. 


Good. 


SpUt. 


 
Total. 


Par- 
tiaUy 

de- 
cayed. 


Good. 


SpUt. 


Total. 


Oak, black 


34 

20 

21 

20 

100 

20 

100 

100 

100 


No. 
2 


No. 

7 


No. 

14 


No. 
6 


No. 
29 


Per ct.* 
20 


Per ct.* 
41 


Per et.» 
17 


Per et.* 
78 


Oak' red , . 




Oak, Spanish 

Oak, turkey 

Oak. white 






15 


1 


16 




71 


5 


76 


























Oak. willow 




















Pine, loblolly 

Pine, longleaf s 

Pine, shortleal* 


22 
1 


10 
2 
2 


37 
57 
37 


30 
14 


99 
74 
39 


10 
2 
2 


37 
67 
37 


30 
14 


77 
73 
39 


Total 


515 


25 


21 


160 


51 


257 


4 


31 


10 


45 



1 These ties were treated at the plant of the Texas Tie & Lumber Preserving Co. with a 2 per cent solu- 
tion of sine chloride. Various secies were treated in the same charge; the average absorption for alh 
species was 0.35 pound of dry salt per cubic foot. 

* Based on number of ties originally placed. 

s On account of a change made in the location of some of the longleaf and shortleaf pine ties and of the 
loss of some of the marking naiis there is some doubt as to the accuracy of the records. 

59616*^—12 2 
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Table 5. — Condition of ties treated by the Hasselmann process ^^ at SomervilU, Tex., 

after seven and one-half years* service. 





Origi- 
nal 

num- 
ber 

placed. 


Ttas mnM^inin^^ in frai^t 


Serviceable tif« rRmaining in 
track. 


Kind of wood. 


De- 
cayed. 


Par- 
tially 

de- 
cayed. 


Good. 


Split. 


Total. 


Paiv 
tially 

de- 
cayed. 


Good. 


Split. 


TotAl. 


Beech 


98 

100 

118 

19 

20 

19 

196 

20 

99 

100 

100 

98 

98 


No. 


No. 


No. 


No. 


No. 


Peret.* 


Per a.* 


Perct.* 


Per ct.* 


H^mlocV 




















Oak, black 




















Oak, red 




















Oak, Spanish 

Oak. turkey 


































• 




Oak, white 


1 


7 


!22 


2 


32 


3 


11 


1 


16 


Oakl willow 




Pine,lobloUy 

Pine, loneleaf 

Pine, redneart 
























5 




5 




5 




5 








Pine, shortleaf 

Tamarack .... . 






1 




1 
9 




1 




1 


9 






















Total 


1,085 


10 


7 


28 


2 


47 


t 


2J 


i 


3i 



1 These ties were treated at the plant of the Texas Tie & Lumber Preserving Co. under the supervision 
of a representative of the Barachall Impregnating Co. The process^ called also the Barschall process (Forest 
Service Bulletin 51), consisted of impregnations with a solution of copper sulphate, iron mlphate, 
alumina, and a small amount of kamit. The BarschaU Impregnating Co. stated that certain of the ties 
showed decay before they were treated and that some of them were probably not properly treated becujse 
of a leak in the cylinder. Also, the records of treatment furnished by a representative of the company 
show that temperatures as hig^h as from 224" to 270" were used during the treatments. 

* Based on number of ties originally placed. 



Table 6. — Condition of ties treated with spirittinej^ at Somerville, Tex., after seven and 

one-half years* service. 





Orig- 
inal 

num- 
ber 

plac- 
ed. 


Ties remaining in track. 


track. 


Kind of wood. 


De- 
cayed. 


Par- 
tially 
de- 
cayed. 


Good. 


Split. 


Total. 


Par- 
tially 
de- 
cayed. 


Good. 


Split. 


Total. 


Pine,lobloUy 

Pine, loneleaf 


100 
100 


No. 
2 


No. 


No. 


No. 


No. 


Perct.'^ 


Peret.* 


Peret.* 


Perct.* 




17 


3 




17 


3 


2X> 










Total 


200 


2 




17 


3 


22 




H 


IJ 


10 







1 The ties were thoroughly seasoned and were soaked in the preservative 24 hours. The absorption 
averaged 3.3 pounds per cubic foot. 
* Based on number of ties originally placed. 
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Table 7. — Condition of untreated ties after seven and one-half years* service. 





Oriff- 

inS 
num- 
ber 
plac- 
ed. 


Ties mmafning in track. 


Serviceable ties mmaining in 
track. 


Kind of wood. 


De- 
cayed. 


Par- 
tially 
de- 
cayed. 


Good. 


SpUt. 


Total. 


Par- 
tiaUy 

de- 
cayed. 


Good. 


Split. 


TotaL 


Beech. 


87 

101 
25 
93 
20 
20 

196 
21 

100 
93 

100 
40 


No. 


No. 


No. 


No. 


No. 


Perct.^ 


Peret.^ 


Per cf.i 


Perct.i 


Hemlock 




















Oak, black 




















Oak, red 


6 








6 










Oak, Speoiish 
















Oak, turkey 




















Oak, white 


5 


t 27 


13 


4 


49 


14 


6i 


2 


22 


Oak, willow 




Pine, tobloUy 




















Pin9, kmgWf , . 


6 

1 








6 

1 










Pine, shortleaf 
















Tamarack 




































Total 


905 


18 


27 


13 

• 


4 


62 


3 


n 


i 


5 







1 Based on number of ties originally placed. 



Table 8. — Condition of ties treated by the Wellhouse process,^ at Chicago, III,, after seven 

arhd one-half years' service. 





Ab- 
sorp- 
tion > 

dry 
salt. 


Orie- 
inal 
num- 
ber 
placed. 


Ties remaining in track. 


Serviceable ties mmaining 
in track. 


Kind of wood. 


De- 
cayed. 


Par- 
tiaUy 

de- 
cayed. 


Good. 


Split. 


Total. 


Par- 
tiaUy 
de- 
cayed. 


Good. 


SpUt. 


Total. 


Beech 


Ut.per 
cu.ft. 
0.87 
.54 
.53 
.35 
.58 


100 
100 
86 
100 
100 


No. 

9' 

3 

1 
3 


No. 
9 

12 
9 
7 

11 


No. 
51 
66 
43 
60 
72 


No. 
40 
9 
17 
28 
14 


No. 

100 
96 
72 
96 

100 


Perct.* 

9 

12 

10 

7 

11 


Peret.* 
51 
66 
50 
60 
72 


Perct.* 
40 
9 
20 
28 
14 


Perct.* 
100 


Hemlock 

Oak, black 

Oak, white 

Tamarack 


87 
80 
9S 
97 


Total 




486 


16 


48 


292 


106 


464 


10 


60 


22 


92 









1 These ties treated by the Chicago Tie& Timber Preservbig Co. The treatment consisted of three injec- 
tions: (1) A 4 per cent solution of sdnc chloride; (2) a 2 per cent solution of glue; (3) a 2 per cent solution ol 
tannin. 

s Based on weights of sample ties of each lot before and after treatment. 

* Based on number of ties originally placed. 
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Table 9. — Condition of ties treated by the Wellhottse process ^^ at SomervUle, Tex., after 

seven and one-half years' service. 





Orig- 
inal 

num- 
ber 

plac- 
ed. 


Ties remaining in track. 


Serviceable ties remaining in 
track. 


Kind of wood. 


De- 
cayed. 


, Par- 
tiaUy 
de- 
cayed. 


Good. 


Split. 


Total. 


Par- 
tially 

de- 
cayed. 


Good. 


Split. 


Total. 


Oak, black 


33 

20 

20 

20 

100 

20 

100 

100 

100 


No. 
2 


No. 

7 


No. 
6 


No. 


No. 
15 


Perd.* 
21 


Peret.* 
18 


Perct.* 

m 


Per a.* 
39 


Oak, red 




Oak, Spanish 

Oak, turkey 


2 


3 


15 
2 
41 
9 
49 
35 
19 


io' 

2 
11 

4 


20 
2 
58 
12 
99 
45 
21 


15 
1 

ie' 

5 
2 


75 
10 
41 
45 
49 
35 
19 


io' 

10 

11 

4 


90 
10 


OakI wblte'. 


i' 

23 

1 


7 

ie" 

5 
2 


58 


Oak, willow 


55 


Pine, loblolly 

Pine,longleaf» 

Pine, shortleaf 


76 
44 
21 


Total 


613 


29 


40 


176 


27 


272 


8 


34 


5 


47 







> These ties were treated at the plant of the Texad Tie & Lumber Preserving Co. The treatment con- 
sisted of two injections: (1) A 2 per cent solution of sine chloride containing glue; (2) a solution of tannin. 
The average absorption for all species was 0.33 pound of dry sine chloride per cubic foot, various species 
being mixed in the same charge. 

* Based on number of ties originally placed. 

* On account of a change made in the location of some of the longleaf-pine ties and of the loss of some 
of the marking nails there is some doubt as to the accuracy of the records. 



Table 10. — Condition of ties treated with zinc chloride and Beaumont oil,^ at Somer- 

villCy Tex. J after seven and one-half years^ service. 





Orig- 
inal 

num- 
ber 

plac- 
ed. 


Ties remaining in track. 


Serviceable ties remaining in 
track. 


Kind of wood. 


De- 
cayed. 


Par- 
tiaUy 

de- 
cayed. 


Good. 


Split. 


Total. 


Par- 
tially 

de- 
cayed. 


Good. 


Split. 


Total. 


Pine, loblolly 

Pine, longleaf 


81 
100 


No. 
4 
2 


No. 
7 
8 


• 

No. 
39 

68 


No. 
31 
22 


No. 
81 
100 


Perct.* 

8 
8 


Perct.* 

48 
68 


Peret.* 
38 
22 


Peret.t 
05 
98 


Total..... 


181 


6 


15 


107 


53 


181 


8 


59 


30 


97 







1 The ties were treated with a 2 per cent solution of zinc chloride and seasoned before treatment with oiL 
They were soaked in the oil 24 hours and absorbed on an average a little over 3 pounds per tie. 
> Based on number of ties originally placed. 
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Table 11. — Condition of ties treated toith zinc chloride and English creosote,^ at Beau- 
mont, Tex., after seven and one-fialfyears^ service. 





Orig- 
inal 

nnni> 
ber 

plac- 
ed. 


Ties remaining in track. 


Serviceable ties remaining in 
track. 


Kind of wood. 


De- 
cayed. 


Par- 
tially 
de- 
cayed. 


Good. 


Split. 


Total. 


Par- 
tially 
de- 
cayed. 


Good. 


Split. 


Total 


Beech 


50 
10 
49 
76 
10 
107 
11 
51 
50 
50 
51 


No. 


No. 


No. 


No. 


No. 


Perct.* 


Perct.* 


Peret.* 


Perct.* 


Gam. sweet • 






2 

7 




2 

7 




20 
14 


; 


20 


TTimiloclc . 






14 


Oak, black 








Oakl turkey 




















Oak, white 




















Oak^ willow 




















Fine,lobloUy 

Pine, longieaf * 

Pine, shortleaf 4 


i' 


7 


25 

26 
8 
5 


17 

4 


49 

31 
8 
5 


14 


50 
54 
16 
10 


33 

8 


97 
62 
16 


T^Bimanick 






10 










Total 


515 


1 


7 


73 


21 


102 


H 


14 


4 


19 







1 These ties were treated by the International Creosotlng & Constniction Co. They were first impreg- 
nated with an average of 15 pounds of a 2 per cent zinc chloride solution 9nd, after seasoning for several 
months, were given a heavy Injection of creosote. From the report of the operations it seems very prob- 
able that they were injurea by excessive steaming and many of them were said to be of poor quality 
before treatment. It is reported that all of the removals were due to breakage and rail catting. 

* Based on number of ties originally placed. 

* Forest Service Bulletin 51 reports wese ties as Spanish oak. 

* Because of a change made in the location of some of these ties and of the loss of some of the marking 
nails there is some doubt as to the accuracy of the records. 



RESULTS. 



The results secured from the last inspection made by the Forest 
Service in September, 1909, are given in Tables 1 to 11. Figures 1 
and 2, which show graphically the results of the test, are based on this 
and other inspections.* The following deductions may be drawn: 

(1) Zinc chloride is an effective preservative for ties subjected to 
the severe conditions under which these were laid. This is indicated 
especially by the Burnett and Wellhouse treatments made at Chicago 
(Tables 3 and 8), as a result of which 87 and 92 per cent, respectively, 
of these ties were serviceable after seven and one half years. 

(2) A fairly heavy impregnation of zinc chloride is advantageous. 
Treatments by the Burnett and Wellhouse processes, made at Somer- 
ville, with 2 per cent zinc chloride solutions and average absorptions 
of 0.35 and 0.33 pounds of dry salt per cubic foot of wood, resulted in 
only 45 and 47 per cent, respectively, of serviceable ties after seven 
and one-half years' service (Tables 4 and 9) . Similar treatments made 
at Chicago with a 4 per cent solution and average absorptions of 0.42 
and 0.57 pound of dry salt per cubic fobt resulted in 87 and 92 per 

1 The results of inspections made in 1905, 1906, 1907, 1908, and 1910 were courteously supplied by the 
officials of the Atchison, Tqpeka & Santa Fe Railway Co.; the Forest Service made inspections in 1903, 
1904, and 1909 only. 
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cent, respectively, of serviceable ties after the same length of service 
(Tables 3 and 8). 

(3) A light injection of creosote apparently adds to the effective- 
ness of zinc chloride treatments. The Allardyce treatments made at 
Somerville (Table 1) show 81 per cent of serviceable ties, while treat- 
ments made at the same plant with zinc chloride alone (Table 4) show 
only 45 per cent of serviceable ties after 7^ years. Beaumont 



LOBLOLLY PINE 
HEMLOCK 
TAMARACK 
BCECH 

3MOPTLEAF PINE 
LONOLEAF PINE 
RED OAK 
WILLOW OAK 
BLACK OAK 
TURKEY OAK 
SFVKNISH OAK 
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LIFE-YEARS 

Fig. 1.— Average life rf untreated ties laid in the experimental track of the Gulf, Colorado & Santa Fe 

Railway Co. 

oil in combination with zinc chloride (Table 10) also produced an 
effective treatment. 

(4) Treatment with preservatives will not yield good results unless 
the ties are soimd in the first place and the treating is properly done. 
This is strikingly shown by the treatments with zinc chloride and 
English creosote (Table 11). These ties were probably injured by 
oversteaming during the treatment. 

(5) The great variation in durability of the different species in 
nearly all of the treatments indicates that some of the species were 
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not properly treated, and emphasizes the necessity of separate treat- 
ments for each species. 

(6) Species which, when untreated, decay most rapidly appear to 
give the greatest relative increase in service when treated. Loblolly 



JQO 




I0O2 IQOS 1004 I0O5 I0O6 1907 ^ I90e 1000 lOtO 

TIMC-YEAM 

Fio. 2.— Tie removals from the experimental track of the Onlf, Colorodo k, Santa Fe Raflway Co. 



pine, hemlock, beech, and tamarack, which are the least resistant to 
decay when imtreated, appear when treated to be about equally as 
durable as treated longleaf pine, Spanish oak, and white oak. 



16 BBBVICE TESTS OF TIES. 

TEST TRACK LAID IN COOPERATION WITH THE NORTHERN PACIFIC 

RAILWAY CO., AT PLAINS, HONT. 

DBSCRIFTION OF TBACK.' 

The 2,660 7 by 9 inches by 8 feet hewed ties which were placed in 
the main line of the Northern Pacific Railway Co., about 2 miles west 
of Plains, Mont., were laid during the summer of 1907 on a tangent 
with a uniform grade of 0.0167 per cent; the ballast is gravel and the 
general drainage conditions of the track are good. The line is single 
track and traffic is heavy. New 85-pound rail was laid when the ties 
were placed, with the exception of a small portion of the track which 
was changed at a later date. Several forms of tie-plates and both cut 
and screw spikes were used. 

OBJECTS OF THB TEST. 

This test was designed chiefly to secure information as to: 

(1) The durability of green and air-seasoned untreated Douglas fir 
and western larch ties. 

(2) The durability of bumettized Douglas fir and tamarack ties.. 

(3) The efficiency of the flanged, flat, and wooden tie-plates when 
used with cut or screw spikes. 

TBEATMENT. 

The Bumettized ties were treated by the Great Northern Railway 
Co. in its plant at Somers, Mont. A 6 per cent solution was used^ 
and the gauge readings showed an injection of 0.786 pound of dry 
zinc chloride per cubic foot. Both species were treated in the same 
charge and larch absorbed about 10 pounds of solution more per tie 
than the Douglas fir. 

RESULTS.' 

The track was inspected by the Forest Service in 1909^ 1910, and 
1911, the latest inspection being about four years after the ties were 
placed. The inspections yielded the following results: 

(1) None of the ties showed any marked difference in their relative 
durability. 

(2) Douglas fir ties were not checking as badly as the western 
larch ties. 

(3) Ties treated with zinc chloride were more rail-worn than im- 
treated ties of the same species. 



» 



1 For a more oomplete descrlptloii see Forost Sendee Circular 146, " Experiments with Railway CrasstieB,' 
by H. B. Eastman. \ 

« From the reports of H. B. Oakleaf, Forest Assistant, and P. R. Ilieks, Engineer in Foi:est Products, 
who made the Inspections for the Forest Service in conjunction with officials of the Northern Pacific Rail- 
way Co. 
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(4) Untreated larch ties were more rail-worn than untreated Doug- 
las fir ties, but were not as badly worn as the treated ties of either 
species. 

(5) The flat metal plates were causing the ties less damage than 
any of the other plates used. 

(6) Flanged tie-plates caused more checking and brooming than 
flat ones. 

(7) The wooden plates did not prove serviceable, as they worked 
out from under the rail and split badly; raoreover, they did not pre- 
vent wear of the ties.^ They were removed during 1910 and replaced 
with metal plates. 

(8) Because of lack of support under the head, the screw spikes 
tended to become bent by the lateral thrust of the rail.^ 

TEST TRACK LAID IN COOPERATION WriH THE NORTHERN PACIFIC 

RAILWAY CO. AT MAYWOOD, WASH. 

DESCRIPTION OF TRACK.* 

The 2,280 7 by 9 inches by 8 feet sawed ties which were placed 
in the main line of the Northern Pacific Railway Co. near Maywood 
(about 6 miles west of Hot Springs), Wash., were laid in the fall and 
winter of 1906-7. Two curves, one of 2° and the other of 5°, are 
included in this track. The grade varies from 0.46 to 0.96 per cent. 
The roadbed for the most part is an earth embankment well drained; 
gravel ballast is used exclusively. The track is laid with 72-pound 
rail; the traflS^c is exclusively heavy, and loaded trains pass in both 
directions. Screw spikes are used on a part of the track, both with 
and without tie-plates, and in various combinations with cut spikes.' 

OBJECTS OF THE TEST. 

The test was designed to yield information on the following points: 

(1) The durability of green and air-seasoned untreated Douglas 
fir and western hemlock ties. 

(2) The durability of creosoted Douglas fir ties. 

(3) The efficiency of flat tie-plates in preventing wear and the 
relative efficiency of screw and cut spikes as rail fastenings. 

TREATMENT. 

Four himdred and fifty air-seasoned Douglas fir ties were treated 
by the full-cell creosote process in the plant of the Pacific Creosoting 

> For discussion and illustration of this, see Forest Service Bulletin 118, ''Prolonging the Life of Cross- 
Ties." 

* For a more complete description, see Forest Service Circular 146. 

• At the time this track was laid no spike-boring machine was available and the holes for the screw spikes 
were bored by hand. In some cases the holes were not bored deep enough and when the screw spikes were 
inserted they hit the bottom of the holes and on subsequent tightening stripped the threads in the wood. 
It is felt that a fair test is not being given to the screw spikes in this track. 
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Co. at Eagle Harbor, Wash. The ties were weighed before and 
after treatment, and again 90 days later. The increase in weight 
during treatment was 8.6 pounds per cubic foot. After 90 days air 
seasoning an average of 2.4 pounds of this increase had been lost, 
leaving the net increase 6.2 pounds per cubic foot. 

BE8ULT8.' 

The latest inspection of these ties was made by the Forest Service 
in June, 1911, approximately foin* and one-half years after place- 
ment. Following is a sunmiary of the observations made: 

(1 ) The green, im treated hemlock ties were banning to deteriorate 
quite rapidly. Many of them had wood-destroying fungi growing 
upon them. 

(2) The Douglas fir ties seemed to be better than the hemlock as 
far as checkiog, rail wear, brooming, and decay were concerned. 

(3) The creosoted Douglas fir ties were decidedly more rail cut 
than the untreated ties. 

TEST TRACK LAID IN COOPERATION WITH THE CHICAGO ^k NORTH 

WESTERN RAILWAY CO. 

r 

DESCRIPTION OF TRACK. 

The 3,040 6 by 8 inches by 8 feet hewed ties placed in the main 
Une of the Chicago & North Western Railway Co. near Janesville, 
Wis., were laid in December, 1907, on a level tangent. A change in 
the lines of the company subsequent to laying the ties has caused 
the traffic over the track to be very light, consisting only of passen- 
ger trains in one direction. The track is laid with 90-poimd rail in 
well-drained gravel ballast. 

OBJECTS OF THE TEST. 

The test was designed to secm*e information as to : 

(1) The natural durability of eastern hemlock and tamarack ties. 

(2) The comparative efficiency of the Burnett, Wellhouse, and 
open-tank creosote processes. 

(3) The comparative efficiency of flat and flanged metal ties-plates 
and creosoted wooden plates and of cut and screw spikes used with 
treated ties. 

TREATMENT.' 

The ties were treated with zinc chloride at the plant of the Chicago 
& North Western Railway Co. at Escanaba, Mich., by both the Bur- 

1 From the reports of H. B. Oakleaf, Forest Assistant, and P. R. Hicks, Engineer in Forest Products, 
who made the inspections for the Forest Service in conjunction with ofBcials of the Northern Pacific Rail- 
way Co. 

s For a more complete description of the treatments see Forest Service Circolar 132, "The Seasonhotg and 
Preservative Treatment of Hemlock and Tamarack Cross-Ties," by W. F. Sherfeaee. 
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nett and Wellhouse processes. A 4 per cent solution was used; and 
the injection averaged about 12 pounds of solution per cubic foot. 
Some of the ties were given an open-tank treatment with coal-tar 
creosote and absorbed about 15 pounds per tie. The record of 
absorption of each tie is on file with the Forest Service, and as the 
ties begin to fail the relation of the absorption to the failure will bo 
studied. 

RESULTS. 

The latest inspection of this track was made by the Forest Service 
in May, 1911. Table 12 shows the condition of the im treated ties 
at that time, after about three and one-half years' service. Approxi- 
mately 15 per cent of the untreated hemlock and 13 per cent of the 
untreated tamarack ties were so badly decayed that they were im- 
serviceable; in addition, about 8 per cent of the hemlock and 30 per 
cent of the tamarack were less seriously aflfected with decay. 

The following additional observations were made : 

(1) Only two of the treated ties showed any evidence of decay. 

(2) About 44 per cent of the hemlock and 60 per cent of the tama- 
rack ties which were untreated and unprotected by plates were rail 
cut to a depth varying from one-fourth to one-half inch and prac- 
tically all showed rail wear to some extent. 

(3) There was no apparent difference in the condition of the ties 
equipped with flat plates and cut spikes and those having flat plates 
and screw spikes. In both cases when the surface of the tie was 
imeven there was some plate wear, the maximum being about one- 
fourth inch. 

(4) Many of the flanged plates were still only partially embedded 
in the ties and gravel was found under a good many of them. As a 
result, some of the plates were bent and twisted. 

(5) The damage to the ties with wooden plates appeared to be less 
than to those otherwise protected, but some of the. plates were miss- 
ing and many were split and damaged to some extent. It appears, 
therefore, from this and other experiments, that the successful use of 
wooden plates depends largely on the frequency of their inspection 
and replacement. 

(6) Lack of support under the outer portion of the head of the 
screw spikes had, in some cases, resulted in the spikes bending out- 
ward from the rail. This effect is greater with the wooden plates 
than with any of th0 others.^ 



> This is discussed and Illustrated in Forest Service Bulletin 118, " Proronging the Life of Cross-Ties. 
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Table 12.- 
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'Conditicm of untreated ties in the test track of the Chicago de North Western 
Railway Co, (rfler three and one-half years* service. 





Species. 


Time 
sea- 
soned. 


Season 
cut. 


Condition while sea- 
soning. 


Num- 
ber 
of 
tlee. 


Condition as found on inspec- 
tion. 


Lot 
No. 


Good. 


Par- 
tiaUy 

de- 
cayed. 


De- 
cayed. 


Worn. 


57 
58 


Hemlock... 

do 

do 

do 

do 

do 

do 

Total. 


Month: 
29 

28 
26 
23 
26 
35 
11 


Summer.. 

do 

Fall 


Peeled and soaked for 
few days prior to 
seasoning. 

Peeled 


20 

20 
20 
20 
20 
20 
50 


PerclA 
50 

45 
45 
65 
35 
20 
26 


PeretA 
10 

10 
'"'"5 * 

"io" 

14 


PerctA 
20 

 "is ■* 

•15 
25 
40 

4 


PerctA 
20 

45 


50 




40 


60 


Winter.... 


do 


20 


61 


Fall 


do... 


40 


62 


Winter.... 


do 


40 


63 


do 


Unpeeled on two sides . 


66 




170 


37.6 


8.2 


14.7 


43.5 




• • • • •Uv • • • • • 

•  • • sVlO • • • • • 

do 

Total. 


23 
23 
35 
11 


Winter.... 
do 

 • • • sUw* • •• • 

do 


Peeled 




64 


26 
26 
20 
62 


16 
32 
35 
14.5 


24 
16 
15 
37 


20 

4 
10 
14.5 


56 


65 
66 


Unpeeled on two sides. 
Peeled 


60 
70 


67 


Unpeeled on two sides. 


58 




132 


19.7 


29.5 


12.9 


59.8 















1 Baaed on number of ties originally placed. 

TEST TRACK LAID IN COOPERATION WITH THE INDIANAPOLIS, COLUM- 
BUS & SOUTHERN TRACTION CO. 

DESCRIPTION OF TRACK. 

The 945 6 by 8 inch by 8 feet hewed ties laid in cooperation with 
the Indianapolis, Columbus & Southern Traction Co. were placed in 
September, 1909, in the main line of this company near Taylorsville 
and Edinbui^, Ind. With the exception of a few ties which are 
placed in a sharp curve, all are in an approximately level tangent. 
The roadbed is fairly well drained; the ballast is gravel containing 
some sandy soil. The track is laid with 65-pound rail without tie- 
plates and with ordinary cut spikes. Traffic is light, and is confined 
to interurban electric cars. 

OBJECTS OF THE TEST. 

The test was designed to secure information on the comparative 
efficiency of red and black oak ties treated with coal-tar creosote 
(full-cell process), zinc creosote, and ^'asphaltic crude oil," * using 
low pressures. 

TREATMENT. 

The ties used in this track were treated in the low-pressure wood- 
preserving plant of the Indianapolis, Columbus & Southern Traction 
Co. All were thoroughly air seasoned. Those treated with creosote 

I This pveservative was oontribated for the experiment by the Indian Refining Co., of Cinoiniiatt, Ohfo. 
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were boiled in the oil at a temperature not exceeding 225® F. from one 
to four hours, after which a pressure not exceeding 45 pounds per 
square inch was applied until the desired absorption was obtaiaed. 
Those treated with creosote and zinc chloride were first heated in 
creosote for one hour at a temperature varying between 200° and 
212° F., after which they were impregnated with a 4J per cent solu- 
tion of zinc chloride under a pressure of not more than 45 poimds per 
square inch. In the treatments with ^'ashphaltic crude oil" the in- 
jection was very light. On account of the viscous nature of the oil it 
was not possible to apply pressure exceeding 20 pounds per square 
inch with the apparatus used. Table 13 shows the character of treat- 
ment given the ties placed in this test. 

Table 13. — Condition of treated red oak ties in the test track of the TndUmapoliSy Colum' 

Ims ds Southern Traction Co. after two years* service. 



Cluuracter of treatment. 



Preservative. 



Coal-tar creosote 

Do 

Do 

Creosote and ZnCls. 

Asphaltic crude oil. 



Absorption (per cubic foot). 



About 14 pounds maximum 

absorption. 

12 poimds 

7 to 8 pounds 

0.46 to 0.55 pound ZnCls, 3 to 4 

pounds creosote. 
Indeterminate, but very slight. 



Total 

number 

of ties. 



99 

53 
429 
198 

167 



Condition as found on inspection. 



Good. 



Per cerUA 
83.9 

86.9 
94.4 
84.4 

86.2 



Partially 
decayed. 



Per cent.^ 
2 



12.1 



Split. 



Percent.^ 
14.1 

11.3 
5.6 

13.8 



Worn. 



Per eentA 



1.8 
*.*5 



1 Based on number of ties originally placed. 



RESULTS. 



The latest inspection of ties was made by the Forest Service in 
September, 1911, two years after placement. Table 13 shows their 
condition at that time. Following is a summary of the observations 
made : 

(1) No badly decayed ties were found, although approximately 2 
per cent of those treated with about 14 pounds of creosote per cubic 
foot and approximately 12 per cent of those treated with creosote and 
zinc chloride were slightly affected with decay. This is probably due 
to the fact that some of the ties were affected at the time of treatment. 

(2) A number of the ties of each treatment were more or less split 
on the ends. In practically all such cases, however, the exposed 
portions of the ties appeared thoroughly sound and well treated, and 
it is probable that the greater part of the splitting existed at the 
time of treatment. 

(3) Only two of the ties showed any rail wear, and this was so 
slight as to be negligible. 
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TEST TRACK LAID IN COOPERATION WITH THE TENNESSEE COAL, 

IRON A; RAILROAD CO. 

DESCRIPTION OF TBACK. 

The 920 7 by 9 inches by 8 feet sawed ties placed in cooperation 
with the Tennessee Coal, Iron & Railroad Co. were laid in the spring 
of 1910 in a portion of the track of the Birmingham Southern 
Railroad Co. just south of the steel plant of the company at Ensley, 
Ala. Most of the ties are in a tangent. Slag is used for ballast. 
The roadbed is level and drainage is poor. Seventy-pound rail is 
used, with ordinary cut spikes. At first pronged tie-plates were used 
only on curves, but about one year later these were placed on all ties. 
The traffic consists of heavily loaded ore cars. 

OBJECTS OF THE TEST. 

The test was designed to secure information as to: 

(1) The natural durability of longleaf pine and white-oak ties. 

(2) The comparative efficiency of ''cresol-calcium" ^ and coal- 
tar creosote in protecting shortleaf pine, loblolly pine, and red-oak 
ties from decay when treated by the low-pressure process. 

TREATMENT. 

The treatments were made at the plants of the Tennessee Coal, 
Iron & Railroad Co. near Birmingham, Ala. The shortleaf and 
loblolly pine ties which were treated with creosote received an injec- 
tion of 7 pounds of oil per cubic foot of wood, injected under a pres- 
sure of not more than 40 pounds per square inch. In the cases of the 
red-oak ties treated with creosote and the pine ties treated with 
cresol-calcium, a vacuum of about 10 inches was first drawn and the 
preservative was then admitted to the cylinder; a pressure of from 
10 to 15 pounds per square inch was applied until the desired absorp- 
tion was secured. Table 14 shows the number of ties of each class 
placed in this track and the treatment given each lot. 

RESULTS. 

An inspection of this track was made about six months after it was 
placed. All of the ties were sound and free from wear. 

1 This proservative was oontributed by Messrs. Blagden, Waugh & Co., London, England. 
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Table 14. — TreatTnent given ties used in the Tennessee Coal, Iron & Railroad Co. test 

track. 



Species. 



Shortleaf and loblolly pine. 

Do 

Do 

Do 

Red oak 

Shortleaf and loblolly pine. 

Longleaf pine 

White oak 



Preservative. 



Kind. 



Cresol-calcium. 

do 

do 

do 

Creosote 

do 

Untreated 

do 



Strength 
of solu- 
tion. 



Per cent. 
9.7 
7.5 
5.0 
2.5 



Absorp- 
tion. 



cu 

1 

1 
1 
1 



er 

U 
1.16 
0.85 
0.51 
0.27 
5.54 

7.0 



Tie num- 
bers. 



5-106 
109-213 
214-316 
316-417 
fi22-722 
418-621 
824-924 
723-823 



1 Dry salt. 

TEST TRACK LAID BY THE WENATCHEE VALLEY & NORTHERN RAIL- 
WAY CO. 

The Wenatchee Valley & Northern Railway Co. placed 100 test 
ties in the main line of its track near Delmont, Wash., in July, 1910. 
The ties were hewed on two faces, the bark being left on the sides, 
and were air seasoned for approximately one year before they were 
placed in the track. Sixty-pound rail and cut spikes were used. 
The roadbed is a slight fill with good drainage ditches on both sides; 
the ballast is a light sandy loam; the grade is 2 per cent. Traffic 
over the line is light. 

The information to be secured from this track is data on the com- 
parative durability of untreated hewed ties of Douglas fir, western 
yellow pine, lodgepole pine, and grand fir. The ties have not been 
placed sufficiently long to furnish any results. 

TEST TRACK LAID IN COOPERATION WITH THE CHICAGO, MILWAUKEE 

& ST. PAUL RAILWAY CO. 

DESCRIPTION OP TRACK.* 

The test ties placed in the main line of the Chicago, Milwaukee & 
St. Paul Railway Co. near Hartford, Wis., were laid in August, 1911. 
Seventeen hundred and eleven hewed and sawed 6 by 8 inches by 8 
feet ties constitute the test. The ties are placed in a level tangent 
on a well-drained roadbed. Gravel is used for ballast; traffic is fairly 
heavy, and trains pass over the line in both directions; new 90-pound 
rail was laid. In general, one-half of these ties are plated with flat 
steel plates having boss under the spike heads, and screw spikes are 
used; the rest are unplated and the rail is fastened with cut spikes. 
Malleable iron ribbed plates (with cut spikes) are used on a few of 
the ties. 

1 A full descriptiaii of this track and a record of the treatment given the ties is found in Forest Service 
Bulletin 126, "Experiments in the Preservative Treatment of Red Oak and Hard Maple Cross-Ties/' by 
F. K. Bond. 
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OBJECTS OF THE TEST. 



The test should yield information as to — 

(1) The natural durability of red oak and hard maple ties. 

(2) The efficiency of the Burnett, Card, zinc-creosote, full-cell 
creosote, Rueping, and crude-oil treatments in protecting red oak 
and maple, and the kyanizing process in protecting spruce ties from 
decay. 

(3) The efficiency of flat-bottom plates when laid with screw and 
cut spikes in protecting ties from mechanical wear. 

TREATMENT. 

All of the treated ties were impregnated at the Forest Products 
Laboratory with the exception of 262 bumettized red oak, 21 bur- 
nettized chestnut, and 25 kyanized spruce ties,* which were treated 
at commercial plants and added to the experiment that was originally 
planned. Complete records of the ties treated at the Forest Products 
Laboratory are available,^ and these include treatment records 
for each charge, the absorption of each tie, its moisture content at 
the time of treatment, volume, oven-dry weight of the wood, and 
other characteristics which might have aflFected the behavior of the 
tie under treatment or its durability. A list of the ties placed, with 
the character of . treatments applied to the various lots, is given in 
Table 15. 

The track has not been in existence sufficiently long to furnish any 
results. 

Table 15. — Manner in which the ties in the Chicago. Milwaukee <k St. Paul test track 

were treated and laid. 





Process. 


Preservative. 


Ties 
laid. 


Ties 
plated. 


Nnmbe- 
ing nails. 


Kind of wood. 


Kind. 


Amount 
injected. 


Red oak 


Full-cell 


Oreosote 


Lbt.per 

cu.ft. 

10.9 

5.3 

*X 

«J 

US. 3 

• 15.3 

7.3 


Num- 
ber. 
102 
100 
100 
262 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

2iL 

21 


Num- 
ber. 
52 
50 
50 
262 

50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
50 
13 
21 


* 101-200 


Do 


Ruepins 


do 


1-100 


Do 


Burnett 


Zinc chloride 


201-300 


Do 


. .do. ^..... 


do 


•1301-1400 


Do 


Card 


Zinc cbloride and creosote 

do 


2001-2154 
1201-1300 


Do 


Two-movement. . . 
Full-cell 


801^900 


Do 


Semirefined oil, parafifin base... 


601-700 


Do 


Untreated 


7O1-40O 


Hard maple. . 


FuU-ceU 


Creosote 


12.0 
4.9 

M6.0 

■15.6 

12.6 


501-600 


Do 


Ruepins: 


do 


401-500 


Do 


Burnett 


Zinc chloride 


301-400 


Do 


Card 


Zinc chloride and creosote 

do 


1101-1200 


Do 


Two-movement. . . 
Full-ceU 


1001-1100 


Do 


Semirefined oil, paraffin base.. 


1401-1500 


Do 


Untreated 


1501-1600 


Spruce 

Cnestnut 


KyanizedA 

Burnett* 


Mercuric chloride 




901-025 


Zinc chloride. 


«i 


■925-017 











1 The kyanized spruce ties were contributed by 
the Berlin Mills Co., of Manchester, N. H. 
s Forest Service Bulletin 126. 
« Two ties with subnumb^s. 
•Dry salt 



• Treated at commercial plant. 

• Eight ties with subnumbers. 
7 Emulsion. 

• Mixture. 

 One number missing. 
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SXJHMABY. 

Since 1902 the Forest Service has constructed eight test tracks in 
cooperation with seven different railroad oi^anizations. Because a 
long time must elapse before data can be obtained on durability, few 
of these tracks have thus far yielded conclusive results. The infor- 
mation already received indicates that test tracks, if properly con- 
structed and inspected, prove a valuable index in showing economies 
in track maintenance. 

So far as can be told by present results, all treatments, with one 
exception, have increased the durability of the ties over that of simi- 
lar untreated material. Just how much the natural life of the ties 
can be prolonged is not yet determined, but that it may in many 
cases be doubled or even trebled seems certain. For example, 
untreated loblolly pine and hemlock ties laid in Tiexas lasted only 
1.5 years, while of those bumettized over 70 per cent were still 
serviceable after seven years. 

Ties with low decay resistance, such as loblolly pine, hemlock, 
tamarack, and beech, if laid untreated, should not be tie-plated, as 
they will decay before they will wear out. 

The increased resistance to decay secured from preservative treat- 
ment makes it highly desirable to protect treated ties from deterio- 
ration by mechanical cause. This is particularly true of ties with 
low-crushing strength. 

Experience thus far is not conclusive as to the best form of plates to 
use. Wooden plates, when simply laid under the rail, have not proved 
satisfactory, as they either become loose, split, or, in some cases, 
become embedded in the tie. Flanged metal plates have a decided 
tendency to split the tie, thus forming cracks which enable moisture* 
to reach the interior and hasten decay. Metal plates with flat or 
slightly corrugated bottom have thus far given the best results. 

Service tests on screw and cut spikes have, to the present time, 
yielded no definite conclusions. It has been shown, however, that 
when screw spikes are used it is desirable to have some form of 
boss on the plates to reenforce the heads of spikes against lateral 
thrust. 

O 
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YIELD AND RETURNS OF BLUE GUM (EUCALYPTUS) IN 

CALIFORNIA. 



INTBODUCTION. 

Interest in eucalyptus culture is steadily increasing. There is a 
corresponding demand for information on the yield of plantations 
as a basis for determining their financial returns. It is the aim of 
this circular to show what may be expected from blue-gum planta- 
tions in California under favorable conditions. 

In order to secure reliable figures on the yield of eucalyptus the 
Forest Service, in cooperation with the California State Board of 
Forestry, measured in 1910 a large number of the most successful 
eucalyptus plantations in California. Most of these measurements 
were of blue gum {Eucalyptus globulus) ^ihe^ species most extensively 
planted. Of the many species of eucalyptus it is the one which seems 
best adapted to California conditions, and it is also one of the most 
rapid growing. The results of this work have been published in 
Bulletin 1, California State Board of Forestry, under the title " Yield 
from Eucalyptus Plantations in California," which may be obtained 
without cost from the State Forester, Sacramento, or from the Forest 
Service, San Francisco. The best figures obtained in this study, 
together with known costs jof establishing and caring for plantations, 
are here summarized. 

COST OF ESTABLISHING PLANTATIONS. 

The first item to be reckoned with in the establishment of a planta- 
tion is the cost of land*. The better the land the more satisfactory, 
up to a certain point, will be the returns. Good irrigable land near 
transportation, however, is in great demand for the raising of farm 
crops, and its price is correspondingly high. Moreover, such land 
yields large annual returns under diversified crops, and its most 
profitable use is not the growing of trees. Stiff, heavy, loan^y or 
sandy, nonirrigable lands free from hardpan, such as are suitable 
for grain farming, with a water table not more than 12 feet below 
the surface, are usually well adapted to blue gum. Such areas in 
desirable localities, that is, near transportation and where the mini- 

(3) 
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mum temperature is not less than 24^ F., can be purchased for about 
$30 per acre. 

The cost of preparing an acre of ground for planting does not 
ordinarily exceed $6. Seedlings can be purchased for $6 per thou- 
sand. Hie planting of 1,000 trees (enough for an acre) costs about 
$4. llie cost of cultivating and caring for a plantation for two years 
does not usually exceed $7 per acre, including the purchase of i3*ees 
to fill blanks in the plantation. Any thinnings made up to the time 
of the first cutting should pay for themselves. The cost of establish- 
ing a plantation and carrying it through the first two years, excluding 
the cost of land, is therefore about $23 per acre. 

Taxes on the class of land used for growing blue gum amount to 
about 30 cents per acre per year. Ten cents per acre per year should 
be expended in protection fQ>m fire. These two items represent a 
fixed annual charge per acre for the 10-year period before the first 
cutting. Discounted at 4 per cent, this amounts to a present invest- 
ment of about $3.25 per acre.^ The total investment involved in 
establishing 1 acre of plantation is, therefore, about $56.25. 

YIELDS OF FLANTATIGirS. 

Actual measurements show that an average annual yield of about 
6.4 standard cords, or 8.5 California cords, per acre is produced by 
the best blue-gum groves in the State.' This figure was obtained 
by finding the mean annual growth per acre of all the groves exam- 
ined in 1910 which contained over 5 standard cords, and then de- 
termining the average of 20 per cent of the groves showing the 
most rapid mean annual growth.* It was thus based upon the best 
5 of the 25 groves examined. While not strictly accurate, since 
the rate of growth of trees varies somewhat at dilBTerent ages, it is 
sufficiently so for practical purposes in this instance, where the 
range in ages is not great. Individual groves have occasionally done 
better. One grove was found which produced 185.9 standard cords 
in 25 years, or about 7.4 cords per year. Another produced over 59 
cords in nine years, or nearly 6.6 cords per year. On the other hand, 
three groves imder average conditions, with fair soil and the water 

^This ifl derived from the formula giving the present value of an amount spent an- 
nually for a given number of yean, E — J ^^^^1 J^"li\ . !>» which BB=pre8ent value of the 

(i«u P"/N« op.^ 

charges for taxes and protection ; r«-»annual tax and protection charge (|0.40) ; pirate 
of interest (4 per cent) ; and ■^■number of years (10). The present value of the 
charges for taxes and protection is the amount which, invested at the given rate of 
interest, will meet these charges annually, and will be exhausted at the end of the 
period. 

'A standard cord contains 128 cubic feet of stacked wood, or approximately 90 cubic 
feet of solid wood ; a California cord, the local unit, is three-fourths of a standard cord 
and consequently contains 06 cubic feet of stacked wood, or approximately 67.5 cable 
feet of solid wood. 

•Bulletin 1, California State Board of Forestry, pp. 12-14. 



table not more than 25 feet from the surface, show an annual growth 
per acre of only 4.05, 3.9, and 3.7 cords, respectively. Under unfav- 
orable conditions, with a deep water table or with hardpan near 
the surface, the annual growth in two cases has been as low as 1.6 
cords and 1.1 cords per acre. An annual yield of 6.4 cords per acre, 
or 64 cords per acre in 10 years, may therefore be accepted as a fair 
estimate of what may be obtained upon the best sites under the 
methods of management heretofore used. 

Assuming a stumpage price of $2.50 per standard cord, this yield 
would return $160 in 10 years from the wood alone. This represents 
nearly 13 per cent compound interest on the original investment of 
$66.25.* Out of that amount $30, the cost of the land, may be con- 
sidered as restored to the investor with the harvesting of the crop, 
and is in effect an additional return. 

Since blue gum sprouts rapidly, the same return of 64 cords, worth 
$160, should be obtained periodically at the end of every 10 years for 
at least several rotations. In this case, however, no additional ex- 
penditure is necessary for establishing or caring for the plantation. 
The amount invested is, therefore, $33.26 ($30 for land and $3.25 for 
capitalized taxes and protection). A return of slightly more than 
19 per cent would thus be realized in growing each of the sprout crops 
following the first, or planted crop. This is assuming that the value 
of the land remains unchanged and that this amount is reinvested 
periodically after each crop is harvested. 

In the figures just given it is assumed also that the operation is 
handled by the individual investor on an area large enough to be 
managed economically. This should be not less than 50 acres. 

The greatest yield of any blue-gum grove measured by the Forest 
Service was found in a plantation 32 years old. This stand contains 
57,820 board feet of timber per acre, measured by the Scribner Deci- 
mal C log rule, besides 30.9 standard cords (41.2 California cords) of 
wood to be cut from tops too small for lumber. Assuming a stump- 
age rate of $5 per thousand feet for lumber and $2.50 per standard 
cord, the return on this grove would amount to $366.36 per acre for 
the 32-year period. If it costs $60.15 per acre (on the same basis as 
that used above) to buy and plant the land, care for the young trees 
two years, and pay taxes and protection charges 32 years (discounted 
to the present at 4 per cent) , the return is a little over 6 per cent com- 

^ThiB is derived from the well-known yaluation formula Y-=(C + E) Xl.op» + S 
(l.op*— 1), in which y=yield at end of rotation ($160) ; C«=cost of establishing and 
caring for plantation ($23) ; £«= capitalized expenses for taxes and protection ($3.25) ; 
S«»cost of land ($30) ; "<=length of rotation (10 years) ; and p^^rate of interest. 
The —1 in the formula is due to the fact that the value of the land at the end of the 
rotation is assumed to be the same as at the beginning, so that interest alone is lost on 
the money invested in land. 



pounded.^ If the stumpage values are $10 for saw timber and $2.50 
for cordwood the return per acre would amount to $655.45, or nearly 
8 per cent on the same investment. 

A grove in Alameda County shows a yield of 54,200 board feet of 
timber and 43.3 standard cords (57.8 California cords) per acre in 
25 years. Assuming a stumpage rate of $5 per thousand for the 
timber and $2.50 per standard cord for the wood, the return from 
this grove would be $379.25 per acre for the 25-year period,^ the 
cost of land, planting, etc., being figured as before. This would net 
about 8 per cent compounded. If the stumpage price is $10 per 
thousand for saw timber and $2.50 per cord for the limb wood, the 
return per acre would amount to $650.25, a little over 10 per cent on 
the investment. 

The stumpage figures used are mere assumptions. It is probable 
that but a small part of the timber produced in any of these groves 
could be sold for lumber at the present time. Most of the trees are 
between 10 and 12 inches in diameter at 4^ feet from the ground. 
There is as yet but little demand for eucalyptus of such small dimen- 
sions for manufacture into lumber. 

Of California eucalyptus as lumber little is known. Up to the 
present time but small quantities have been manufactured. A few 
well-developed old trees, which have grown in the open and are 
unusually large, are sold for high prices. No sales of entire groves 
for lumber have been made, however, since most of the trees are still 
too small or too crooked and limby to be sawed at a profit. In 
Australia no eucalyptus goes into the sawmill from trees less than 
30 years old or 2 feet in diameter, since lumber from young trees 
warps and shrinks badly, resulting in great waste.^ 

In every young grove, however, a number of trees have outstripped 
their neighbors in form and size. In the management of a plantation 
it will probably be found profitable to cut the less desirable trees 
for cordwood at the end of about 10 years, leaving from 150 to 200 
of the best trees on each acre to grow to saw-timber size, at 30 or 
40 years. In that form they should bring a larger return per unit of 
volume than as cordwood. Moreover, as the problem of seasoning 
small California-grown eucalyptus is worked out, and as manufac- 
turers become more familiar with the handling «of this wood, a 
demand for it will arise and doubtless lead to the establishment of 
more definite stumpage values. Investigations by the Forest Service 
to determine the best method of seasoning blue gum by kiln drying 
were completed and will soon be published. 

1 See footnote on p. 6. The costs for land and for establishment and care of the 
plantation are the same as before, but the present value of taxes and fire protection is 
$7.15 on account of the longer period. 

' See footnote on p. 5. In this case the present value of taxes and fire protection 
amounts to $6.25. 

• Forest Service Circular 179, p. 28. 



WHAT BETXnElNS CAN BE EXPECTED UNDEB MOST PAVOBABLB 

CONDITIONS. 

Much greater yields and higher financial returns have been claimed 
for eucalyptus plantations by commercial companies which are ex- 
ploiting them. Planted land has been offered in many instances as 
a desirable investment at as much as $250 per acre. It has been 
asserted that an acre of planted eucalyptus will produce 100,000 
board feet of lumber in 10 years. 

Measurements of existing groves by the Forest Service show, how- 
ever, that the best return per acre which can be expected from a 10- 
year plantation of blue gum, under present conditions, is approxi- 
mately $160. If the original investment does not exceed $60, includ- 
ing taxes and protection, until the crop is cut this return is satis- 
factory. If the investment is greater than $60 per acre, on account 
of planting .higher-priced land or for other reasons, the returns are 
correspondingly reduced. If the total amount paid out exceeds $160 
per acre, obviously there is a loss of capital aside from the failure 
to secure any interest upon it. 

These measurements show, furthermore, that the best blue-gum 
groves in California have yielded but 64 standard cords (85 Cali- 
fornia cords) per acre in 10 years. The yield must be given in cord- 
wood rather than in board feet of lumber. The trees in these planta- 
tions have attained an average diameter of from 9 to 10 inches outside 
the bark at 4.5 feet above the- ground. Since the bark is 0.75 of an 
inch thick, about 1.5 inches must be deducted from the diameter to 
obtain the net yield of wood. The taper of blue-gum logs, deter- 
mined by actual measurements, is 0.163 of an inch per foot. The top 
diameter of a log 12 feet long and 10 inches in diameter outside the 
bark at 4.5 feet above the ground (allowing 12 inches for the height 
of the stump) is 7.12 inches inside the bark. Such a log, when meas- 
ured by the Scribner Decimal C rule, scales 20 board feet. It has 
been found that young timber of this character shrinks about 14 per 
cent in seasoning to an air-dry condition, and that the wood contains 
loose knots left by the branches. From this it is apparent that only 
small timbers suitable for short-length flooring, chair legs, handles, 
etc., can be obtained from trees of this size. Such trees can hardly 
be considered as merchantable for manufacture. The chief product 
of a 10-year eucalyptus grove, therefore, is not lumber but cordwood. 

The best 32-year-old plantation in the State scales but 57,820 
board feet and 30.9 cords per acre. It is true that none of the older 
groves in California have been properly thinned or otherwise cared 
for, and that better management undoubtedly will increase the yield, 
at least of saw timber. To what extent such management will in- 
crease the total yield of plantations has not been demonstrated and 
can be worked out only by experience. It should be borne in mind, 
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however, that nowhere in the history of the world has any such 
quantity of wood as 100,000 board feet been produced per acre in 
10 years. There is a limit to the productiveness of even the best land 
under the best conditions of management. This limit, as far as in- 
tensive forest culture has yet demonstrated, is far below 100,000 
board feet in a decade. Barring redwood, bigtree. Pacific coast 
Douglas fir, and virgin stands of eucalyptus in Australia, it is but 
rarely that forests anywhere produce this quantity of material per 
acre in one crop, regardless of the element of time. 

The investigations made by the Forest Service indicate, therefore, 
that returns from blue-gum plantations are satisfactory if the total 
investment is $60 an acre or less; that in proportion as the initial 
investment and discounted carrying charge exceed this amount, the 
prospects of a good profit are reduced, and that an investment ap- 
proaching $160 per acre can not be expected to pay back more than 
the bare principal. Satisfactory results can ordinarily be secured by 
personally starting and caring for plantations rather than by pur- 
chasing planted land at any figure which is out of proportion to the 
actual cost of establishing the crop. 
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GREENHEART. 



IMFOBTANCE OF THE WOOD. 

Greenheart {Nectandra rodicei Schomb.) is a South American and 
West Indian tree belonging to the laurel family (Lauracese) , which 
includes our red bay (Persea horhonia (Linn.) Spreng.) and sassa- 
fras {Sassafras sassafras (Linn.) Karst.). Native Indian names for 
it are bebeeru, bibiru, supeira, and sipiri. Another name sometimes 
given it is torchwood, due to the fact that the heartwood of older 
trees, which is full of oil, burns readily. 

The truly remarkable lasting qualities of mature greenheart wood 
have given the tree a world-wide reputation. Authentic records show 
that the best grades surpass iron and steel in durability when placed 
in water or in contact with the soil. This extraordinary freedom 
from decay is due in part to the presence in the wood of an alkaloid 
known as biberine,^ and in part to the presence of resinous substances 
known as tyloses. These latter consist of reddish-brown masses of 
parenchymatous (living) cells growing in solid masses within vessel 
cavities, often completely filling them. As they develop with the 
growth of the tree they turn dark, sometimes coloring the wood nearly 
black. It is the extent of their development, and consequently the 
age of the tree, which in large measure determines the color of the 
wood,^ thus giving rise to three varieties — ^yellow, gray, and black 
greenheart — recognized in the trade. As might be expected, the black 
variety is the most durable, since the dark color testifies in general to 
the abundant development of tyloses. 

Next to sugar, greenheart has long been the chief article of export 
from British Guiana. Its valuable properties first became known to 
English timber merchants in 1769, and from then on it has been im- 
ported in large quantities, first into England and later into the United 
States. Although already well known, its importance in the timber 
trade in this country promises to increase, since no other foreign 
wood is so well adapted to so many important uses. 

1 First discovered in the barlj and seeds by Dr. Rodie in 1834. It is now used as a 
substitute for cincliona. Botli the bark and seeds have a market value as sources of 
supply and are exported in quantity. See " The Technologist," vol. 3, 1863, pp. 140-142. 

3 The dark color of the wood may also in some instances be due to the character of the 
soil in which the tree grew, since trees growing in wet or dark mucky soil take up 
highly colored substances, which, in their upward course through the stem of the tree, 
are deposited on the inner walls of the wood elements. 

5 



6 OBEENHEABT. 

USES AND DURABILITY. 

Greenheart is unsurpassed as a construction timber. It finds its 
chief use in ship and dock building, especially for keelsons, beams, 
engine bearers, planking, dock gates, lock gates, piers, and piling. 
When placed in water it is proof against the ravages of the teredo,* 
and on land it is exempt from the attack of white ants. It has been 
known to stand in wharves for a period of 30 years, and logs of green- 
heart which have remained under water for 100 years have kept in 
perfectly sound condition. All the gates, piers, and jetties of the 
Liverpool docks and practically all the lock gates of the Bridgewater 
Canal (England) are of greenheart. It furnished the material, also, 
for the 50 pairs of lock gates in the Manchester (England) Ship 
Canal. Indeed, the chief engines of this canal has asserted that, 
apart from its practically unlimited durability, greenheart has many 
advantages over steel for such purposes. It is, in fact, impossible to 
fix a limit to the durability of lock gates built of greenheart, the only 
element in their construction which might curtail their length of 
service being the iron bolts and other fastenings. These, however, 
can usually be renewed without serious difficulty. When the green- 
heart dock gates in the Mersey Harbor were removed, in order that 
the channel might be deepened and widened, the wood originally 
used in their construction was again employed in building the en- 
larged gates. Similarly, the wood in the gates of the Canada Dock^ 
built in 1856. was used again in its reconstruction in 1894. The use 
of greenheart has been specified for sills and fenders in the lock 
gates of the Panama Canal. 

Nansen's ship, TJie Fram^ and the Antarctic ship. Discovery s were 
constructed of greenheart. The wood is used also for trestles, 
bridges, buildings, shipping platforms, staging, millwork, cellar 
flaps, flooring, wagons, and for all purposes involving great wear 
and tear. It is highly esteemed as a furniture wood, and is used 
extensively for carriage shafts. The ends of logs removed in the 
woods to facilitate snaking are used for such articles as automobile 
spokes, belaying pins, and tobacco pegs, and for all kinds of turnery. 
Greenheart and the wood of an associate species known- as cumaroo, 
cumaru, tonquin, tonkabean, or niob {Dipteryx odorata Willd.=(7dtt-^ 
marouno odorata Taubert) have a reputation for fishing rods both 
in this country and in Europe. The darker grades of gi-eenheart 
resemble the wood of lignum vitse {Guaiacum officinale Linn.), and 
are .considered an excellent substitute for the latter. 

Though exceedingly durable, greenheart tends to split and splinter, 
and requires great care in seasoning and in working. The logs often 
cleave at the ends into four segments, but cracks do not usually ex- 

» It Is said that even In tropical waters sea-worms do not penetrate beyond the 
iiapwood. 



GREEKSSABT. ^ 

tend more than 2 or 3 feet from the eiid* This defect, though serious, 
is to some extent compensated for by the fact that the logs do not 
split and form deep shakes along the side in seasoning as do the 
majority of other woods, so that there is not, after all, more than the 
ordinary amount of waste in conversion. The wood, moreover, is 
remarkably free from knots, and generally sound. In addition to 
its use as timber, great quantities of greenheart are made into char- 
coal. 

DISTBIBUTION. 

Greenheart inhabits parts of British, Dutch, and French Guiana, 
Venezuela, Brazil, Colombia, Peru, Trinidad, Jamaica, and Santo 
Domingo. It is the most unportant tree of British Guiana, the only 
place where it is being cut. There it is found most abundantly along 
the Essequibo, Demerara, and Berbice Eivers. Much of the best 
quality of greenheart now marketed comes from Morabelli Creek, a 
tributary of the Essequibo Eiver, where the tree attains its greate?.t 
size and produces the best grade of wood. Greenheart grows alon^ 
^he seacoast and watercourses, seldom extending more than 50 miles 
i^and and never more than 100 miles. It is most plentiful and 
;reaches its best development on a strip between 2 and 3 miles wide 
just back of the deposit of alluvial soil along the coast and rivers* 
It seldom grows on sites much above sea level or on clay soil. It can 
not thrive on rocky soil or on moist hillsides. In British Guiana the 
^uthern limit of distribution is marked by the elevated regions. 
Invariable associates of greenheart are the mora {Dimorphamtra 
mora Benth.) and wallaba {Eperua fdlcata Aubl.), though these 
spread over a much larger area. 

LOGGING AND TBANSPOBTATION. 

The present cost of placing greenheart timber on the market is 
high. This is the result chiefly of (1) the great expense of logging, 
^ue to antiquated methods of extracting the logs and the high cost 
of hauling them; (2) excessive waste in logging; and (3) high 
transportation charges. i: 

The present methods of logging greenheart are antiquated, labo- 
rious, and expensive. All hauling in the forest is done either by 
gangs of men or by oxen. Hand labor is employed exclusively in 
cases where the timber is within a short distance of the place of ship- 
ment. T\T:iere,it is cut on the slopes of hills fronting a navigable 
stream oxen are used in getting the logs out. Both methods are 
crude, slow, and wasteful at best. 

The timber is not hewed in the careful manner that mahogany, 
cedar, and many other woods are when prepared for shipment, but 
goes to market only partially dressed. To facilitate snaking the 
butts of logs are invariably tapered for 3 or 4 feet from the end, and 
go to market in this condition instead of being cut off square. 
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Transportation facilities in the forests of British Giiiana are at 
present exceedingly crude. Only the more accessible parts of the 
forests in which the choicest greenheart timber is found have as yet 
been exploited. Besides greenheart, only a few of the better-known 
timbers, such as wallaba and more recently crabwood {Carapa guior 
nensis Aubl.), have been taken. These timbers have been cut along 
all the principal waterways as far upstream as the falls and rapids 
which obstruct navigation. The vast and valuable forests of green- 
heart above the falls are still to be opened up. To exploit the re- 
maining stands of greenheart in British Guiana will^ however, re- 
quire much time and labor. As the vast resources of the country 
become better known efficient means of transportation to the un- 
touched forest areas in the interior will no doubt be provided. 

When greenheart was first exploited $1 per cubic foot was the price 
usually paid for the timber at the point of shipment. While the 
present price paid for greenheart is considerably less, the wood now 
obtained is of an inferior quality, since it is immature and, conse- 
quently, less durable. Tracts are now being cut over in some places 
for the third time, and trees which previously escaped observation or 
were thought too small to be used are taken. Logs 2 feet in diameter 
or over yield the best grades. Trees of smaller dimensions have a 
good deal of sap and are not durable. Their timber, moreover, is 
likely to shrink and split considerably in seasoning. At present prac- 
tically all the greenheart timber is shipped to Liverpool and New 
York. These are the two chief distribution points, and the necessary 
reshipping of such extraordinarily heavy material approximately 
doubles the cost of direct shipment. 

MABKET. 

While the demand for greenheart timber is great, it is not keeping 
pace with the increased use of fancy cabinet woods and of con- 
struction material. The extensive employment of reenforced con- 
crete for wharf construction tends, for one thing, to curtail the out- 
put. The volume of native timbers, principally greenheart, exported 
from British Guiana during the 20 years previous to 1909 is given in 
the table following: 

Exports of timber from British Guiana ^ from 1889 to 1909, 



Year.* 


Amount. 


Year. 


Amount. 


1889-90 
1890>91 
1891-92 
1892-93 
1893-94 
1894-95 
1895-96 
1896-97 
1897-98 
1898-99 


Cubic feet. 
296,151 
332,098 
312,801 
325,863 
234,870 
238,993 
175,520 
404,234 
283,634 
250,463 


1899-1900 
1900-1901 
1901-2 
1902-3 
1903-4 
1904-5 
1905-6 
190fr-7 
1907-8 
1908-9 


Cubic feet. 
170,632 
287,640 
313,571 
340,260 
273,542 
293,315 
276,765 
170,985 
232,669 
191,409 



1 Greenheart is exported only from British Guiana and the island of Trinidad 
^ The fiscal year includes the 12 months from April 1 to March 31. 
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These amounts do not include the vast quantity of greenheart cut 
each year for charcoal. Approximately 80,000 barrels of this are 
exported annually. The demand for the wood of young greenheart 
trees for charcoal became so great that legal restrictions had to be 
placed upon the cutting of young growth. The market for charcoal 
is apparently more stable than that for timber, since the amounts 
of the former exported from year to year show a gradual increase, 
while the amounts of timber usually fluctuate. 

THE TBEK 

Greenheart is a large tree, ranging from 60 to 100 feet in height, 
and from 2 to 4 feet or more in diameter. The trees are without 
branches for from one-fourth to one-third of their total height. They 
generally have clean, symmetrical boles for the first 50-or §0 feet, 
and logs or timbers from 18 to 20 inches square can often be obtained. 
The bole is free from knots, and unlike that of many of the green- 
heart's associates is not buttressed. The crown is open and broad 
with a few heavy branches. The tree is an evergreen, but during 
the dry season has fewer leaves than during the wet season. Owing 
to the absence of distinct rings of annual growth, the age at which 
greenheart reaches maturity is not accurately known. The tree, how- 
ever, grows very slowly. Specimens known to be 70 years old have 
reached a diameter of scarcely 8 inches. Hence it is probable that 
trees of merchantable size, say 20 inches in diameter, are about 250 
years old, while others of still larger proportions are relatively older. 

GROSS CHABACTEBS OF THE WOOD. 

When freshly cut the sapwood of greenheart is pale yellow and the 
heartwood usually of a light grayish-brown, often striped. On ex- 
posure the wood turns dark, the outer layers assuming a dark green- 
ish or chestnut color, while the center turns a deep brownish-purple 
or almost black. The color of both heart and sap wood varies con- 
siderably in different trees, and in different parts of the same tree. 
The heartwood may, in fact, vary from pale yellow to black, and 
just what the actual color is can not be ascertained until the sapwood 
has been cut through. The proportion of sapwood is usually exces- 
sive, especially in young trees, often amounting to one-fifth and 
sometimes to one-third of the volume of the trunk. This, however, 
has little effect upon the lasting qualities of the wood when used! 
above water. 

The wood of greenheart is exceedingly hard and heavy (specific 
gravity from 1.08 to 1.28, or about 75 pounds per cubic foot) , tough, 
strong, elastic, and fine grained. It is said to be the strongest timber 
in use, with a crushing strength of 12,000 pounds per square inch, 65 
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per cent greater than that of English oak. In a smooth transverse 
section (unmagnified) it resembles superficially the wood of pakm . 

AHATOMICAIi CHABACTXBS OF THB WOOD. 

Like a number of other tropical hardwoods, greenheart shows no 
annual rings of growth. The ground mass of the wood is composed 
of small, thick- walled wood fibers arranged in radial rows (transverse 
section). The vessels, plainly visible to the naked eye on a smooth 
transverse surface, are distributed either singly or in pairs arranged 
radially. They are surrounded by several rows of wood-parenchyma 
fibers which under a compound microscope can be distinguished from 
wood fibers by their thin walls. The pith rays are very narrow and 
yisible only when magnified. 

The pore8 (PL III, v.) are arranged either singly or in pairs, with 
an average diameter of 0.13 millimeter, and are fairly constant ia 
size throughout the wood. In outline they are either round or ellipti- 
cal, with the greatest diameter in the radial direction, and are fairly 
thick walled. The vessel walls (Pis. Ill and IV, v.) 'ml contact with 
the pith-ray cells and with wood-parenchyma fibers have numerou9 
bordered pits with transitions to simple pits. These are sometimes 
large and elliptically elongated, a group often resembling scalariform 
(ladder-like) markings. The partition wall where the vessel seg- 
ments join end to end is wholly absorbed (simple perforation), leay^ 
ing an open passage between the segments. The original partition 
wall is at right angles to the axis of the vessel, and each vessel seg^ 
ment ends in a small projection which overlaps the next segment 
above and below. The segments of which the vessels are composed 
consist of cells approximately five times as long as wide (0.67 milli- 
meter in length). 

Wood fibers (PI. II, w.f.) are small in diameter and have such 
thick walls that the lumina or cell cavities often resemble mere dots 
in transverse section. The fibers vary in length from 1.14 to 1.51 
millimeters, with an average of 1.28 millimeters. The pits are sim- 
ple, with very narrow canals. These latter are not visible except in 
transverse section under the high power of the microscope. 

y^ood'parenchyma fibers (PL III, w.p.f.) have very thin walls and 
are only sparingly developed, except where they are grouped around 
vessels with which they communicate through the roimd or trans- 
versely elongated pits mentioned above. The cells composing the 
wood-parenchyma fibers show considerable variation in length. The 
end walls of individual cells are usually at right angles to the long 
axis of the fiber. 

[Pith rays (PL IV, p.r.) are usually from 1 to 2 cells wide and 
from a few to 30 or occasionally 40 cells high. Individual ray cells 
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vary in size. Their shape as seen in tangential section is usually 
round. In radial section they appear as elongated brick-^shaped cells, 
varying greatly in length, with oblique end walls. Both the :end and 
radial walls have small, round, simple pits. 

SUBSTITUTES FOB GKEENHEABT. 

The constant drain for more than 100 years upon the most accessi- 
ble stands of greenheart in British Guiana has stripped the forest of 
its best material and resulted in the appearance on the maJrket of 
certam substitutes. The woods of three other species of Nectiandra, 
the white cirouballi or siruaballi {Nectandra surinaniensu Mes.), 
yellow cirouaballi {Nectandra phi Miq.), sometimes called *' black 
cedar," and the keritee or kretti (the exact species of which is not 
known), which grow with greenheart throughout its entire range, 
are occasionally cut and sold with the genuine. While they closely 
resemble it, they are inferior in durability. The white cirouaballi, 
however, is an important tree, and its wood is likely to be substi- 
tuted more extensively as the supply of true greenheart diminishes. 
The woods of thie two other species are much lighter than true green- 
heart, the yellow cirouaballi weighing 52, and the kretti 32 pounds 
per cubic foot, as against 75 pounds for the genuine, and their sub- 
stitution should be easy to detect. These two species work well, and 
are used largely for planking. The kretti wood strongly resembles 
cigar-box cedar {Cedrela odor^ata Linn.) in aroma, grain, texture, 
and ease of working, but is very much paler in color. 

The woods of two species of leguminous trees of West Africa have 
been introduced into English markets as substitutes for greenheart, 
under the name of African greenheart. One is from the recently de- 
scribed tree Piptadenia (called "okan" by the natives), which at- 
tains large size, especially in the Gold Coast region. This wood is 
valued at from 30 to 36 cents per cubic foot. The other species is 
an undescribed tree from Nigeria, which yields a wood known locally 
as essago, selling for from 36 to 42 cents per cubic foot. Both of 
these species are inferior to true greenheart, and it is not likely that 
they will take its place to any great extent. 

An East African tree called greenheart is Walburgia uganderma 
Sprague, better known to the natives of East Africa as "masuka" or 
" m'ziga." Its heartwood is green in color, beautifully figured, and 
sweet scented. The supply, however, is rather limited, and it is not 
likely to enter the markets of Europe or America. None of the 
African woods possesses the lasting qualities of the true greenheart 
of British Guiana. 

Several comparatively unimportant trees of the West Indies are 
called greenheart, but they are not sufficiently valuable to enter into 
competition with true greenheart. One of these is the snakewood, 
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ironwood, or abelluello {CohibriMi ferruginosa Brongn.), often called 
West Indian gieenheart. The wood is strcxig and durable, but is 
much inferior to the true greenheart. The tree from which this 
comes is oMnparatively small, seldmn over 75 feet high, and 2 feet 
in diameter, even in Martinique, where it attains its best development. 
Owing to its small size, the substitution of this wood for true green- 
heart must necessarily be very limited. Another species of this 
genus, Colvhrina reclinata Brongn., a relatively low tree, seldom 
over 60 fert higl^) found in the mountains of Cuba, yields a strong 
and durable wood sometimes referred to as greenheart. The green- 
heart of Jamaica (also called cogwood or cerillo) is the Ceanothus 
chlaroxylon Nees. It is a small tree and does not enter into com- 
petition with the genuine greenheart. Still another tree from 
Jamaica sometimes called greenheart is Zizyphus cfUoroxylon Oliver. 
It is of good size throughout the interior hills, though not plentiful. 
The wood is dark, close grained, and weighs about 70 pounds per 
cubic foot. 

Greenheart is the name applied also to a Jamaican tree, Sloanea 
jamaicensis Hook., which grows from 70 to 100 feet in height, with 
a trunk about 2 feet in diameter. It is confined largely to the in- 
terior of the island, where it attains its largest sizes in the limestone 
soil. The wood is very hard, heavy, fine grained, dark colored, and 
is suitable for a good many purposes. It is said to be very durable 
in contact with the soil. 
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CIRCASSIAN WALNUT. 



COMMON NAMES. 

Circassian walnut (Juglans regia Linn.) yields one of the best 
known and most expulsive cabinet woods on the American and 
European markets. Botanically, Circassian walnut is the same as 
the so-called English walnut, the latter name being used almost 
exclusively by those who grow the tree for its nuts; while the former 
is the one generally applied to it by manufacturers and other con- 
sumers of the wood. Of all the conmion names given it, English 
walnut is the least appropriate, because the tree is not a native of 
England, but was brought there long ago from Asia and cultivated. 
Obviously, the most appropriate name for the tree is Circassian* 
walnut, since this indicates at once its true origin and natural range. 
Other common names applied to it are royal walnut, Italian walnut, 
European walnut, French walnut, Persian walnut, Austrian walnut, 
Turkish walnut, and Russian walnut. In Italy the tree is called 
ancona auvergne; in Persia, jaoz, charmagz, and akrot; in Greece, 
carua, caryon, Persicon, and basilikon (kingly tree) ; in France, noyer; 
in Germany, englische Wallnuss and gemeine (common) Wallnuss; in 
Spain and Cuba, nogal; in South America nogal, nogal America, and 
nogal comun. 

X7SBS. 

• 

Probably no other wood has served so many purposes as Circassian 
walnut. Long before the discovery of America it was the most 
popular of all woods for furniture and interior finish, while throughout 
southern Europe the wood is stiU used locally for all grades of furni- 
ture. Its present high cost, however, prohibits its use in this country 
for any but the very finest furniture and cabinet work. When more 
abundant, its use abroad also included coach making, turnery, toys, 
press screws, joinery, carved work, and wooden shoes. During the 
wars of the eighteenth century Circassian walnut was used so exten- 
sively for gunstocks that even at that early date the supply was 
seriously decreased. 

The wood of old trees is especially valuable on account of its dark 
color and beautiful veining, strength, lightness, and elasticity. 

1 This term is derived from Circassia, a region of western Caucasus, now included in the Russian Gov«ni« 

ment of Kuban and Chemomorsk, lying between the Black Sea on the southwest and the river Kuban on 

the north. 

5 
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When particularly well marked it is one of the most attractive and 
valuable of veneer woods, particularly for furniture. The best 
grades often bring a higher price than mahogany, especially in the 
United States. 

NATIVE AND CUIiTIVATEB BANGE. 

Adapted to a wide range of soils and climatic conditions, Circassian 
walnut is one of the most widely distributed of commercial timber 
trees. It is native to the eastern slopes of the Caucasus, and extends 
eastward along the valleys and slopes of the Hindoo Koosh to the 
southern foothills of the Himalaya Mountains, where it is said to 
form large, pure forests. From there it extends southward to 
northern India, and to the mountains of upper Burma. Some 
authorities claim that it stretches across the continent to Japan. 

Sir Dietrich Brandis describes trees from the region northwest of 
the Himalayas as being 28 feet in circumference and from 100 to 120 
feet in height. It is probable that the species reaches its best devel- 
opment in the Caucasus Mountains. In the Sikkim Himalaya, 
according to Dr. Joseph Hooker, an English botanist, Circassian 
walnut inhabits mountain slopes between elevations of 4,000 and 
5,000 feet, while in northern India it is foimd at elevations of from 
3,500 to 11,000 feet, being most abundant in Kashmir. It grows 
also to some extent in the arid valleys. . 

In northeastern India (Darjeeling) Circassian walnut is planted 
extensively for its fruit. It has been widely planted in Europe, 
having been grown successfully as far north as Warsaw in Russia, 
and as far south as Italy and the M^iterranean islands. According 
to Pliny it was introduced into Italy from Persia. This must have 
happened at an early date, since it is mentioned as existing in Italy 
by Varro, who was bom 116 B. C. There is no authentic record as 
to when Circassian walnut was brought into the United States. 
Here it has been planted from the Atlantic to the Pacific, the greatest 
attention having been given to it on the Pacific coast, where it is 
grown for its nuts. Since wherever it is grown in the United States 
it is for this purpose, the wood produced is of little importance. 

SOTJBCES OF SX7PPLY. 

Xo other timber tree has been exploited more than Circassian 
walnut, and the demand for it has always been greater than the 
available supply. Much of the Circassian walnut now used in 
various parts of the world comes from the shores of the Black Sea, 
and from other regions as far as Persia. Large shipments come from 
India to England, whence some is shipped to the United States. 
The greatest outlet of southern Russia is probably from Odessa, 
and the bulk of the timber is shipped direct to the United States. 
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None of the wood grown in western Europe is shipped to this country. 
That grown in England is not equal in quality to the wood from the 
Caucasus, though it is much sought after for furniture, and particularly 
for gunstocks. In fact, the demand for these purposes in western 
Europe is so great that the domestic supply invariably fails to 
meet it, and at times there has been a great dearth of the wood 
there. Realizing the importance of a home supply, France passed 
an act in 1720 prohibiting the exportation of Circassian walnut. 
The shortage of supply in Europe has been due chiefly to the enor- 
mous demand for gunstocks in times of war. The wood of approx- 
imately 12,000 trees was required early in the nineteenth century 
for this purpose alone. In consequence, large numbers of planta- 
tions were established throughout England, France, and Germany. 
Some of these were very extensive; one founded in 1818 near 
Boulogne, France, contained about 30,000 trees. 

Widespread consumption of Circassian walnut for gunstocks and 
furniture continued in Europe until its cost became very high and 
importation began from the Orient. Liverpool and London were 
then, and still are, the chief ports of entry from which Circassian 
walnut is reshipped to Continental Europe and to some extent to 
the United States. During the last 20 years, however, American 
dealers have imported directly from the country where the wood 
is cut, and only small shipments come to this country via London 
and Liverpool. 

Profit from growing Circassian walnut in Europe for timber is 
much less than it once was, both because large quantities (about 
20,000,000 feet) of our native black walnut are annually shipped 
there, and because the wood is now coming from the East. 

LOGGING AND TBANSPOBTATION TO MARKET. 

Circassian walnut grows for the most part either in very open 
stands or scatteringly in forests of other species. Trees grown in 
dense stands do not produce the most highly prized qualities of 
timber. Those which yield the best wood grow in the open, often 
in unfavorable situations, and as a rule have small, short, crooked 
trunks. Such trees are so scattered and so few in number in any 
one locality that lumbering is made very expensive. Extensive 
logging has, in fact, never been carried on anywhere in the tree's 
range. 

The wood is so heavy when green that it sinks in water and can 
not be floated. Logs must be hauled from the forest to the shipping 
point over poor roads and by crude equipment. Transportation 
is becoming more and more difficult and expensive, especially since 
logs have to be obtained at points far from water transportation, 
the timber on more accessible areas having been exhausted. Cir- 
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cassian walnut logs at shipping points are now bought by the pound 
or ton, never by board foot measure. The average price paid for logs 
at shipping ports is from $80 to $100 per ton, or a little more than 
4 cents a pound. This high cost is due partly to the great expense 
of delivering logs overland, partly to the fact that most of the trees 
produce small, poorly formed, or defective sawlogs, and partly to 
the fact that a great deal of territory has to be gone over to obtain 
a shipload of logs. Were .it not for the exceptionally high value of 
the wood no one could afford to lumber walnut forests. 

Unlike most other saw timber the straighter and better-formed 
trees do not yield the most highly prized quaUty of lumber. It is 
usually the crooked, irregular logs that contain the most highly 
figured wood, the logs affording such material being valued according 
to the amount they contain. Sin^e trees containing choice burls, 
crotches, or fine bird's-eye effects have sold for over $3,000. Timber 
of this exceptional quailty is now scarce, while all grades in fact are 
becoming more difficult to obtain. Even a considerable advance in 
price would not in all probability greatly increase the present imports. 
All useful parts of the trees are now saved, even to the stumps and 
other pieces formerly left to rot. 

WASTE IN PKEPABING LOGS FOB SHIPMENT. 

Russia, which is at present the chief source of the Circassian walnut 
which comes to American markets, has an export duty of $20 per ton. 
In addition to this there are port and town charges, which help to 
swell the cost of the wood. Logs are all sold from the forest with 
the bark and sapwood on. Since only the heart wood is used, these 
are hewn from the logs before final shipment in order to reduce the 
cost of transportation. After the logs are thus prepared for shipment 
they are carefully inspected and weighed by customs officials before 
being loaded on ships. The hewing of the logs is expensive, in that 
it is a crude way to remove useless parts, and wasteful, because the 
sapwood removed brings the shipper nothing, although he has been 
obliged to pay for it. The average thickness of the sapwood taken 
off is from 4 to 6 inches. Unsound or defective parts of the logs are 
also removed, since the importer must pay freight alike on sound and 
unsound timber. However, when logs contain finely figured but 
sUghtly unsound pieces, which might be suitable for veneer, the 
defects are usually allowed to remain. 

CONSUMPTION OF CIRCASSIAN WALNUT IN THE UNITED STATES. 

The exact amount of Circassian walnut shipped into this country 
can not be ascertained because it is included under the general head 
of cabinet woods. However, the United States is believed to be the 
greatest consumer of Circassian walnut, especially of the highly 
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figured grades. During 1911 the consumption in 14 States was 
852,807 board feet/ which may safely be assumed as only about one- 
thffd of our total consumption. Table 1 shows the amounts used in 
the 14 States referred to. 

Table 1. — Circassian walnut consumed in 1911 in States for which reliable data wer^ 

obtainable. 



state. 



Missouri 

Michigan 

Oregon 

Marytend 

North Carolina 

IQinois 

Virginia 

Massachusetts. 



Board feet. 



2,400 

252,557 

300 

506,500 

3,000 

40,500 

350 

15,000 



State. 



New Hampshire 

Louisiana 

Kentucky 

Wisconan 

Vermont 

Connecticut 

Total 



Board feet. 



1,200 
1,000 
20,000 
5,200 
1,000 
3,800 



852,807 



GBOSS CHABACTERS OF THE WOOD. 

Circassian walnut weighs about 45 pounds per cubic foot, is hard, 
compact, easy to work and split, moderately tough, and durable in, 
contact with the soil. It shrinks very little in seasoning and does 
not crack or warp. The sapwood is a pale fawn color or almost 
white. The heartwood is dark chocolate brown, often shading from 
light brown to black. Burled and other highly figured forms of the 
wood take a beautiful finish. Radial (edge-grain) and tangential 
(bastard) cut boards are always lighter in tone than transverse sec- 
tions. In light-colored sticks the annual rings of growth are clearly 
but not strikingly defined, but in dark specimens are very indistinct. 
The pores are irregularly scattered. (Plate I.) 

The wood of trees grown in poor upland and hilly soils has a 
beautiful fine grain and texture, while the wood grown in rich low- 
land soils is much coarser and less beautifully marked. The best 
qualities of timber are obtained from vigorous sound trees over 100 
years old, which rarely have a clear length of more than 12 feet. The 
most beautifully veined wood is in the roots and burls, the latter 
being particularly co^unon on trees near the Black Sea. The grain 
in such growths is so interwoven and twisted as to produce the most 
curious and irregular figures, giving the wood an unequal value for 
veneer. (Plate II.) 

MINUTE CHABACTEBS OF THE WOOD. 

Since the increasing scarcity of Circassian walnut may result in 
attempts to substitute for it woods difficult to distinguish by super- 
ficial characters, the chief structural characters of this wood 
(vessels, tracheids, wood fibers, wood-parenchyma fibers, and pith* 
rays) are illustrated and briefly described. Most of them can be 
seen with an ordinary pocket lens. 
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Vessels or pores (transverse section) (Plate III, v,) are uniformly 
distributed. In early Wbod or inner part of each annual ring (Plate 
III, e. w.) they are usually oval in outline, with an average tangential 
diameter of 0.16 millimeter, while in late wood (Plate III, Z. w.) 
they are round and have an average diameter of 0.12 miUimeter. 
The size of the pores diminishes gradually from early to late wood, 
so that the inner and outer portions of annual rings of growth are 
alike in general appearance, and similar to those in gums and cotton- 
woods. In very broad annual rings the vessels become smaller 
toward the outside, thus making the diflFerence between early and 
late wood more conspicuous than in narrower ringed wood. The 
pores are arranged singly, or occasionally in pairs, separated by a 
partition wall on their tangential sides. It is rare that pores are 
grouped in threes or fours, and then only in very narrow rings of 
growth, where they may be somewhat radially arranged. 

The walls of vessek are much thinner than those of the surrounding 
wood fibers, and thinner also than those of vessels of our native 
walnuts. In longitudinal section (Plate IV, v.) the vessel segments 
are from one to three times as long as wide, and usually have oblique 
terminal partition walls (slanting ends), which always face the 
pith-rays and are always wholly absorbed, leaving a large opening 
between the abutting segments, known as a simple perforation. 
The oblique line, Plate IV, c. w., shows a portion of the unabsorbed 
cross-wall near its outer edge where the two segments meet. The 
vessel walls are densely and uniformly marked with bordered pits 
(Plate IV, h. p). The upper and lower surfaces of the vessel segments 
(Plate IV, V.) have been cut away, leaving only a small portion 
showing the pits, h. p. . 

Wood fibers * (transverse section) (Plate III, w. /.) are arranged 
more or less irregularly. They have thin walls, comparatively large 
cell cavities, and in outline are usually round, except in the case of 
fibers which border vessels or occur in the last few rows in the late 
wood (Plate III, I, w.), where they are invariably flattened radially 
or tangentially. They are often compressed tangentially also where 
they border pith-rays. Wood fibers (longitudinal section) (Plates 
IV and V, 'M?./.), which are long pointed (acuminate) or occasionally^ 
forked or notched at both ends, are from about 1.0 to 1.8, with an 
average of 1.4, millimeters in length and 0.02 miUimeter in diameter. 
The pits in the walls of wood fibers are few, small, simple, and chiefly 
on the radial walls. 

Wood-parenchyma fibers (transverse section) (Plate HI, w. y. /.), 
readily seen with a hand lens, form narrow, tangential, slightly 
colored lines, which are often somewhat wavy, especially near the 

1 In the late wood these elements occur in distinct radial rows, which can, however, be seen only under 
the high power of the microscope. 
• Only in gnarled and slowly-grown woods. 
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early wood (Plate III, e, w.). They are seldom more than one row 
of cells wide. In a magnified section (Plate V, w. p.f.)j the char- 
acter and composition of wood-parenchyma fibers are clearly shown. 
Each fiber is composed of from 5 to 10 small oblong ceUs ^ arranged 
in a perpendicular row, and closely packed between the wood fibers. 
The upper and lower cells of all wood-parenchyma fibers taper to a 
point. Wood-parenchyma fibers are almost one-third shorter than 
the average wood fiber. Crystals of calcium oxalate and carbonate, 
so numerous in the wood-parenchyma fibers of black walnut {Juglans 
nigra), are seldom found in Circassian walnut. 

Pith rays (Plate III, p. r.), which are most conspicuous in a smooth 
transverse section, appear as numerous, fine radial lines composed of 
short parenchymatous cells arranged in rows from 1 to 5, seldom 
more than 4, cells in width. As a rule the rays are straight, though 
occasionally they bend slightly around large pores or vessels in the 
early wood of wide annual rings of growth. In a tangential section 
they are cut off at right angles to their axes (Plate IV, p. r.), exhibit- 
ing more clearly their form and character. Some rays are spindle- 
shaped and composed of numerous irregular ceUs, while others are 
only a single cell wide and from 1 to 10 cells high. In a radial section 
the pith-rays are cut longitudinally. The pitting of the cells com- 
posing the rays is shown very distinctly under the high power of a 
compound microscope. The individual cells of a ray differ very 
little from those which make up wood-parenchyma fibers. Pith-rays 
(tangential section) in the wood of Circassian walnut are spindle- 
shaped, and from 1 to 5 cells wide, while in butternut, a closely 
related species sometimes substituted for the latter, the pith-rays 
are spatulate and usually from 1 to 3 cells wide. 

STJBSTITTTTES FOB CIRCASSIAN WALNUT. 

Although it is usually easy for expert buyers to recognize true 
Circassian walnut in the logs, it is often diflSlcult to distinguish the 
wood from some of its substitutes when these have been skillfully 
stained and finished. There are many good African, Asian, and 
South American woods which are similar in structural qualities to 
Circassian walnut, though none possesses the magnificent figure, 
delicate tones, and velvety texture of the walnut. Chief among the 
woods which resemble Circassian walnut in general appearance is 
the so-called satin walnut, tassel wood, or red gum (Ldquidambar 
styrddflua Linn.) of the United States, the wood of which has been 
sold as Circassian walnut both for furniture and for interior finish. 
The wood from butt logs of red gum is often handsomely veined and 
mottled, and is strikingly similar in general appearance to Circassian 

1 When magnified 100 diameters cells show numerous, small, round openings called simple pits, which 
connect the cell cavities of each element with those of adjoining elements. 
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walnut. The much finer grain and more numerous and n^uch smaUeir 
pores of red gum, howeTer, Can be depended upon to diatHiguiah it 
from the latter. Our native cotton gum (Nyssa aqaatiea limi.) is 
aiiother wood occasionally sold as Circassian walnut. It has a 
similar texture,^ but the lack <rf pronounced figure readily distin- 
guishes it. 

Among the true walnuts and rriated woods which may appear as 
substitutes are Caucasian walnut (Pterecarya caucemca C. A. Mey. =» 
P. fraaimfolia Spach.), Japanese- pterocarya (sawa-^rumi) (Pkro^ 
carya rhoifolia S. et Z.), butternut (Juglans emerea Linn.), Jamaican, 
or West Indian, walnut {Jugkms insukms Gnseb.), and nogal {Jughms 
aus^raUs Griseb.). 

Owing to the similarity of names, Caucasian walnut is sometimes 
confused with Circassian walnut, but the wood of the former lacks 
figure, is harder, denser, and much inferior from the cabinetmaker^s 
standpoint. The entire absence of figure in the Caucasian walnut 
at once serves to distinguish it from the Cireassian walnut. The 
Japanese pterocarya is an important timber tree, and althou^ its 
wood somewhat resembles Circassian walnut in its minute structural 
characteristics, its gross aj^earance is very different, and its sub- 
stitution should be easily detected. This Japanese wood is white, 
soft, very light, and straight grained, with rows of open pores mark- 
ing the annual rings of growth. A writer on Japanese woods states 
that it might be mistaken at first glance for white pine. 

The butternut is the only one of our native woods that couM be 
substituted to any considerable extent for Circassian walnut. Some 
of its grades are remarkably similar in general appearance to the less 
highly figured ones of the latter. The light and dark brown, and 
black veining of the Oriental wood, however, readily distinguishes it 
from the solid brown shades of the butternut. Three closely related 
Asiatic walnuts ^ have wood similar to that of the Circassian walnut, 
but are nowhere sufficiently abundant to play a large part in possible 
substitutions. The little known West Indian walnut and the nogal, 
or South American walnut, are excellent woods, but only limited 
supplies are available, and hence are likely to find their chief use in 
local cabinetwork. Nogal is especially desirable as a cabinet wood 
because of the ease with which it can be worked and the beautiful 
finish it takes. Both of these woods are coarser grained than Cir- 
cassian walnut, and when well finished resemble black walnut. 

1 See Forest Service Bulletin 103, " Distinguishing Characteristics of North American Gum Woods." 
3 Juglans ^boWana Maxim., J. manishwrim Maxim., and J. eordiformif Wnx\m. 
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MECHANICAL PROPERTIES OF WOODS GROWN IN 

THE UNITED STATES. 



THE TESTS. 



The tests made by the Forest Service to determme the mechan- 
ical properties of woods grown in the United States fall into two 
classes: (1) Tests on full-sized pieSces, such as bridge stringers and 
car sills, and (2) tests on small clear pieces free from defects. Tests 
of the first kind have been made on a number of species and the 
results presented in several publications. (See list on p. 4.) These 
results are of value in the formulation of grading rules for structural 
timber, in the establishment of working stresses, and in showing the 
influence of defects such as knots,, shakes, and checks upon the 
strength of the material. 

A series of tests of the second kind was begun by the Forest Serv- 
ice about two years ago to secure information that will enable 
the mechanical properties of the diflFerent woods to be compared, 
both in the green and air-dry state, and to determine the influ- 
ence on strength of such factors as locality of growth, height of 
test pieces in the tree, and distance of pieces from pith. This pre- 
liminary circular gives in condensed form the average values thus 
far obtained from 49 species of wood tested in a green condition. 
More detailed analyses of the values will follow as the work pro- 
gresses. The test, material was cut from typical trees selected by 
members of the Forest Service, and records were made of the con- 
ditions of growth. Eventually each important species will be 
represented by averages from at least five typical trees from each 
of several localities throughout its range of growth. In several of 
the species listed in Table 1 averages are given from tests on less 
than five trees. Since there is considerable variation in the strength 
of wood from individual trees of the same species, such results 
should be taken as indications rather than as fixed values. The 
number of test pieces from each tree varied from 40 to 120, depending 
on the size of the tree. The total number of tests represented in 
Table 1 is about 25,000. 

The tests, which comprise the series described above and others 
made previously, were made at laboratories of the Forest Service 
maintained in cooperation with the University of Wisconsin, Purdue 
University, University of Colorado, University of California, and 
University of Washington. 
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4 MECHANICAL PROPERTIES OF WOODS. 

THE RESULTS. 

Table 1 gives average values obtained from tests on green material 
2 by 2 inches in cross section. The following kinds of tests were 
made: Bending, both static and impact; compression parallel and 
compression perpendicular to the grain; hardness; shear parallel to 
grain; cleavage or splitting; and tension at right angles to grain. 
The table also includes information on shrinkage, specific gravity, 
moisture content when tested, proportion of summerwood, and 
rate of growth or rings per radial inch. 

LIST OF FOREST SERVICE PX7BLICATI0NS ON MECHANICAL AND 

PHYSICAL PROPERTIES OF WOOD. 

BULLETINS. 

Bul. 6. Timber PhyBics, Part I, Preliminary Report.^ 
8. Timber Physics, Part II, Progress Report.* 
10. Timber— an Elementary Discussion of the Characteristics and Properties of 

Wood.* 
13. Timber Pines of the Southern United States. 
58. The Red Gum. 

70. Effect of Moisture Upon the Strength and Stiffness of Wood.^ 
80. The Commercial Hickories. 
88. Properties and Uses of Douglas Fir. 
108. Tests of Structural Timbers.* 
115. Mechanical Properties of Western Hemlock. 
122. Mechanical Properties of Western Larch. 

CIRCULARS. 

Cir. 12. Southern Pine — ^Mechanical and Physical Properties.* 

15. Summary of Mechanical Tests on Thirty-Two Species of American Woods.* 

38. Instructions to Engineers of Timber Tests (Revised). 

39. Experiments on the Strength of Treated Timber. 
108. Strength of Wood as Influenced by Moisture.* 

115. Second Pix)gre8s Report on the Strength of Structural Timber. 

142. Tests of Vehicle and Implement Woods. 

164. Properties and Uses of Southern Pines. 

179. Utilization of California Eucalypts. 

189. Strength Values for Structural Timbers.* 

193. Mechanical Properties of Redwood. 

1 Not available for free distribution, but can be purchased from the Superintendent of Documents, 
Government Printing Office, Washington, D. C. 
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TESTS OF PACKING BOXES OF VARIOUS FORMS. 



PT7BPOSE AND SCOPE OF THE TESTS. 

A large amount of wood now wasted could be saved through im- 
provement m the design of packing boxes. The matter, however, 
is important not only from the standpoint of a better utilization of 
forest products, but also from that of the shipper, who suffers annually 
great loss through damage to goods in transit, due to inferior contain- 
ers, and from that of the box manufacturer, who wishes to reduce 
costs. 

A box made entirely of high-grade or expensive lumber may not 
be as serviceable as one made in part at least of inferior material. 
Moreover, if any part of a box is unnecessarily rigid the remaining 
parts will be subjected to undue stress, and it is therefore not only 
possible to waste material by making some part exceptionally 
heavy, but at the same time actually to produce an inferior box. 

The tests described in this circular were made in cooperation with 
the Bureau for the Safe Transportation of Explosives and Other 
Dangerous Articles, at the Forest Products Laboratory, maintained 
in cooperation with the University of Wisconsin, Madison, Wis. 
Only a few types of boxes were tested, and the work completed 
covers but a small part of the field of box construction. The methods 
used at the laboratory are given in sufficient detail, however, to 
serve as a guide to manufacturers and users of boxes who wish to 
continue and extend the work. 

MATERIAL TESTED. 

Ninety-six boxes were tested, of which 24 were nailed, 32 were 
wire boimd, and 40 were dovetailed. In each case one-third the 
number were ''small," one-thir4 '^medium," and one-third ''large," 
the capacity of each size being, respectively, 6, 12, and 20 one-gallon 
cans, 4 by 6 inches in cross-section, and made of 30-gauge (U. S. 
standard) tin. The boxes are described in detail in Tables 6, 7, 
and 8. Before being tested each box was carefully described in 
regard to the following points: Style or design; size (inside) and 
capacity; character and thickness of material; kind, size, and spac- 
ing of nails; apparent condition; weight (1) of box, (2) of contents; 
and^rra^ement of contents. 



6 TESTS OP PACKING BOXES. 

METHODS OF TEST. 

Diagonal compression, endwise compression, and drop tests were 
made. These show the relative strength of the boxes when sub- 
jected to stresses which are distributed more or less throughout the 
box. They do not show the ability of the boxes to resist local frac- 
ture, such as might be caused by one box falling comerwise on top 
of another. Resistance to a stress of this kind depends chiefly upon 
the strength of the board receiving the blow. 

Not all the tests were conducted strictly in accordance with the 
plan which follows, since some were made before all the details of 
the method were developed. At the beginning, in the drop tests, 
each box was dropped from a height of 48 inches a sufficient number 
of times to cause complete failure. A few tests demonstrated that 
this was too severe, and the drop was changed to 36 inches. Later 
the increment plan was adopted. 

Each box was filled to its capacity with cans of water of the size 
and style described under '* Material tested." 

ENDWISE-COMPRESSION TEST. 

In the endwise-compression tests the box was compressed between 
two flat surfaces in the direction of its longest dimension. The rate 
of compression was 0.065 inch per minute. The test was discon- 
tinued when, after passing the maximum load, the box failed to 
sustain 50 per cent of this load. 

This test yields load, compression, and work values, though these 
are less significant than those obtained from the diagonal test, since 
all parts of the box are not under stress. In endwise compression 
they depend largely upon the character and thickness of the material 
composing the sides, top, and bottom. The construction of the box 
plays a relatively unimportant part, though it may affect the ten- 
dency of the sides to buckle. The end bearing of the box may affect 
the results to some extent. 

DIAGONAL-COMPRESSION TEST. 

In the diagonal-compression test (see fig. 1) the box was com- 
pressed in the direction of a line connecting diagonally opposite 
corners. The rate of compression was 0.50 inch per minute. The 
test was discontinued when, after passing the maximum load, the 
box failed to sustain 50 per cent of this load. 

The diagonal-compression test produces stress in every part of the 
box to a greater extent than do either of the two other tests. It is 
the measure of the ability of the box to resist a slowly applied or 
continuous steady load. The principal values obtained are the 
maximum load, compression at maximum load and at the end of the 



METHODS OF TEST. 



test, and the computed values of work from the banning to the 
maximum load and to the end of the test, respectively. These latter 
are graphically represented by the areas under the curve in the 



Fia. 1.— 1ilf<tliad of coDducth^ endwlse-oompcesslon tat. 

load-compression diagram. The work values are the measure of the 
shock-resisting ability of the box. The compression shows the 
amount of deformation of the box for various loads. 



8 TESTS OF PACKING BOXES. 

DROP TEST. 

In the drop test (see fig. 2) the box was suspended with its diag- 
onally opposite comers in a vertical line, then allowed to drop 
through a distance of 1 foot upon a platform 2 feet square and 
approximately 3^ inches thick, consisting of two thicknesses of 
plank nailed together at right angles to each other. The platform 
rested directly upon a cemeiiT floor. The test was continued, adding 
6 inches to each preceding drop, imtil the cans fell from the bo±. 

This test approaches more nearly the conditions of service than 
either of the other tests. It does not, however, yield similar mathe- 
matical results, and a comparison of the behavior of the various 
types of boxes tested must be based laigely upon the character and 
amount of the failures. 

B.E8XJXTS. 

The results of the tests are given in Tables 1 to 5, inclusive. The 
principal ones obtained from the compression tests are also shown 
graphically in figures 3 and 4. In that portion of the diagrams 
showing work to maximum load values^ the actual values computed 
from the tests are indicated by the total length of the lines. The 
solid black portion represents these values reduced to a basis of 
boxes of 6 gallons capacity — the size of the smallest tested. 

ENDWISE-COMPRESSION TEST. 

Most of the nailed boxes were constructed with two battens on 
each end, so that only the sides of the box had good bearing in this 
test. Thus, the loads which the boxes would support were less 
than might be expected from the thickness of the material used in 
their construction. Resistance to shock, however, would not be 
effected in the same degree. The wires of the wire-bound boxes, 
to a large extent, prevented buckling of the sides and caused these 
boxes to give results relatively high for the thickness of material. 
The absolute values, however, were lower for the wire-bound than 
for the dovetailed and for most of the nailed boxes. 

DIAGONAL-COMPRESSION TEST. 

In the diagonal-compression test (fig. 4) the dovetailed boxes 
with thick ends and the wire-bound boxes withstood about the 
same loads. The dovetailed boxes with thin ends and the nailed 
boxes gave much lower values. In work to maximum load (shock- 
resisting ability) the dovetailed boxes with thin ends gave exceed- 
ingly low values. Those with thick ends gave much higher values, 
yet not as high as were given by the nailed boxes other than those 
with- single-piece ends. The wire-bound boxes showed much the 
highest work values. In stiffness, or rigidity, the dovetailed boxes 
were much superior to others tested. This is shown by the lower 
values for compression at maximum load (Table 2). 



METHODS OF TEST. 



Pis. 2.— Method or cnuiluptiiiR drop tut. 
69417°— Cir. 214—13 2 
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TESTS OF PACKING BOXES. 



DROP TEST. 



In the drop test two forms of construction gave very poor results — 
the nailed boxes with single-piece ends and the dovetailed boxes 
with thin ends. The wire-bound boxes showed great ability to 
withstand the drop test, and far surpassed the nailed boxes in this 




respect. It is not possible very accurately to compare the dove- 
tailed boxes with the others tested because of the diflFerence in the 
height of drop. However, it is evident that even those with thick 
ends were much inferior to the wire-bound boxes and somewhat 
inferior to the nailed boxes with cleated ends. 



CHANGES IN DESIGN. 
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CHANGES IN DESIGN AS INDICATED BY CHABACTEB OF 

FAILTJErES. 

The values resulting from the tests do not necessarily apply to all 
nailed, wire-bound, and dovetailed boxes, since changes in mate- 
rial or design may very greatly alter the strength. 




i 



o 



PS 

I 

I 



NAILED BOXES. 

The failure of nailed boxes with single-piece ends, without cleats, 
show this to be a very poor construction, since in 12 out of 18 such 
boxes subjected to drop or diagonal compression tests both ends were 
split completely in two, while in 4 of the remaining 6 boxes one 
end was split. The naUs driven into the end grain of the boards 
showed very slight resistance to withdrawal. 
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In the case of boxes with cleated ends, failures did not occur in. 
that portion of the box. The chief source of weakness was the with- 
drawal of the nails holding the top, bottom, and sides to the ends. 
An end made of thinner boards and with four cleats of a wood of 
greater nail-holding power .would probably give much better results. 

All of the nailed boxes were especially good in respect to work- 
manship and quality of material, and none of the failures can be 
attributed to defects. The tests, however, do not justify the con- 
demnation of all nailed boxes. They merely show that the single 
piece is a very poor construction and indicate the necessity of using 
for certain parts a wood that will resist the withdrawal of nails. 

WIRE-BOUND BOXES. 

Wire-bound boxes showed a well-balanced construction. The top, 
bottom, and sides were held firmly to the ends by the wares and 
by staples driven into red gum cleats. The boxes had no especially 
weak points, although the ends of the cleats usually broke. This 
could probably be remedied by reenforoing the ends of the deats or 
by changing their design. 

The strength of the wire-bound boxes increases with the increase 
in the thickness of the lumber and with the size of wire or number of 
wires. In all of the tests the wires were an important element of 
strength. 

DOVETAILED BOXES. 

The thin end dovetailed boxes showed an unbalanced construc- 
tion, since the joints did not hold. The thick-end boxes were much 
better. In both cases the tongue-and-groove joints were weak 
features of construction. When the joints in adjacent sides and 
ends were in the same or nearly the same plane the box was mate- 
rially weakened. One such box (No. 34), which, with its contents, 
weighed 205 pounds, was pulled in two by being lifted by the upper 
comer to tilt it from the floor. The greater rigidity of these boxes 
resulted in less damage to the contents when the box failed com- 
pletely than was the case with any of the other boxes. 
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Table 1. — Detailed summary of endynse-compremon teats. 



Description of boxes. 


Result of testA. 


Type. 


Class. 


Material. 


Box 
No. 


Weight. 


Maxi- 
mum 
load. 


Com- 
pression 

at 
maxi- 
mum 
load. 


Work 

to 
nlaxi- 
mum 
load. 


Nailed 


Small 

• • sUV* • • •  • 
 • •UO» • • • • « 

...do 

Medium... 
...do 


White pine, |" sides, i" ends 

Average 




1 
6 


Pounds. 
6.5 
6.5 


Pounds. 
13,000 
10,960 


iTich. 
0.075 
.105 


In. lbs. 
384 
712 




6.5 


11,980 


.090 


548 




• 
■A" red gum veneer 




9 
13 




Wire-bound. . 


5.0 
5.0 


5,520 
7,000 


.110 
.084 


344 




Average 


320 




5.0 


6,260 


.097 


332 




White and Norway pine, ^" sides 
and ends. 

Average 




41 
45 




Dovetailed... 


6.5 
7.5 


14,000 
17,000 


.093 
.146 


600 
1.080 




7.0 


15,500 


.120 


840 




White and Norway pine, A" sides, 
1" ends. 

Average , 




49 
53 




Do 


7.5 
7.5 


18,000 
19,000 


.095 
.135 


810 
1,230 




7.5 


18,500 


.115 


1,020 


• 


White pine, |" sides, \" ends 

Average 




17 
21 




Nailed 


10.5 
10.0 


11,000 
. 7,280 


.079 
.092 


424 
376 




10.25 


9,140 


.086 


400 




^" red gum veneer 




25 
29 




Wire*bound.. 


7.5 
8.0 


7,090 
7,430 


.530 
.340 


3,168 




Average 


2,064 




7.75 


7,260 


.436 


2,616 




\" resawed red gum 




33 
37 




Do 


10.5 
10.5 


11,480 
11,700 


.150 
.160 


1,144 




...do 

...do 

Large 

...do 

• 

...do 


Average 


1,176 




10.5 


11,590 


.155 


1,160 




White and Norway pine, ^'' sides 
and ends. 

Average 




1 
5 




Dovetailed... 


11.5 
11.5 


22,000 
21,000 


.175 
.165 


1,560 
1,080 




11.5 


21,500 


.170 


1,320 




White and Norway pine, ^" sides, 
}'' ends. 

Average 




9 
13 




Do 


11.5 
12.5 


16,500 
25,000 


.170 
.130 


1,200 
1,500 




12.0 


20,760 


.160 


1,350 




W hite pine, }" sides and ends 

Average ..................... 




41 
45 




JTailed 


24.5 
25.5 


27,400 
30.900 


.280 
.290 


4,032 
4,288 




25.0 


29.150 


.285 


4,160 




J" resawed red gum 




40 
53 




Wire-bound.. 


13.5 
14.0 


11,700 
12,300 


.220 
.246 


1,536 




Average 


1,504 




13.75 


12,000 


.232 


1,520 




White and Norway pine, A" sides, 
I" ends. 

Average 




33 
37 




Dovetailed... 


20.0 
21.0 


26,100 
27,000 


.216 
.226 


2,790 
2,560 




20.5 


26,660 


.220 


2 675 
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PITH-RAY FLECKS IN WOOD. 



PBEVIOXTS INVESTIGATIONS. 

Pith-ray flecks, or medullary spots, often renlier lumber unfit for 
certain uses. They are common in many of our native woods (PL I, 
fig. 1), appearing in transverse sections of logs or lumber as crescent- 
shaped, discolored areas, and in tangential, or bastard cut, boards as 
brown streaks running usually in a vertical direction (PL I, fig. 2). 
The pith rays, passing outward toward the cortex, end blindly in the 
discolored areas, and it is comparatively easy with a microscope to 
detect the connection of the two. 

The observance of pith flecks appears to be coincident with the 
early systematic study of wood. Tlieodore Hartig, noting them as 
early as 1840 in Corylus, Betula, and Almis, designated them ''Zell- 
gange," or cellular passages. He described them as similar to the 
passages of barkbeetles, extending down into the roots for 5 feet or 
more and up into the stem. The cells, he says, are rich in starch, and 
contain brown masses of an unknown substance insoluble in alcohol 
or water. 

Katzburg found similar markings in wood which he received from 
Russia in 1852. He suspected their pathologic origin and named them 
*'Braunketten;'' that is, ''brown chains of cells.'' Nordlinger also 
called attention to them in his ''Querschnitt von hundert Holzarten,'' 
but apphed to them the name of ''Markfleckchen.'' In spite of the 
generally accepted belief in the pathologic origin of these markings, 
attempts were made by some writers to use them to identify species. 
Ejenitz pubhshed a key of the most important German woods, in 
which he endeavored to separate some species of Prunus and Salix 
by the presence of pith flecks. 

Eaenitz, in 1883, submitted the first convincing proofs of the 
pathologic origin of pith flecks. He found that they were due to the 
work of the larvae of dipterous insects ^ living in the growing cambium 
and eating passages in this layer while in search of food. According 
to his observations the insect passes the winter in the pupal state in 
the ground. The adult forms appear in the spring and deposit their 

i These insects consist probably of one or mora species which as yet have not been dassifled and 
named. 

74312<'—Cir. 215—13 5 



6 PITH-BA.Y FLECKS IN WOOD. 

eggs singly, apparently in the young branches of the tree. Eienitz, 
unfortunately, failed to observe the manner of entrance into the 
cambial layer, but found the young larvffi in infested trunks as early 
as May, eating passages in the cambium and in the soft tissue of the 
inner bark. At first these passages are narrow, only a few cells 
broad, and lead downward. As the larvae proceed downward they 
grow but slightly in thickness, though considerably in length. Finally 
each one becomes 2 or 3 cm. long. The passage, Kienitz says, grad- 
ually widens as the insect grows in size. It spreads out laterally as 
the larva turns as far to left or right as its worm-shaped body will 
permit. In a radial direction the wound is always slight, since the 
larva attacks only the growing cells of the cambium. After it has 
proceeded a certain distance downward, the larva abruptly turns, 
and, without forming a loop, starts upward. The size of the passage 
is increased only slightly at this turning point. 

The position of the turning point in the tree varies. Often it is at 
the dividing point between root and stem, or else in a lateral root. 
Sometimes the larva turns but once or twice, while in other cases it 
may turn a number of times. Finally it assumes a somewhat shorter 
and more compact form, bores through the bark, emerges from the 
narrow opening, and falls to the ground. Kienitz did not observe 
the adult form. 

Investigations of the insects involved are being carried on by the 
Bureau of Entomology through its branch of forest insects. 

ORIGIN OF PITH FLECKS. 

The present investigation confirms the conclusion of Kienitz, pub- 
lished in 1883, that pith flecks are caused by the larva of a dipterous 
insect living in the cambium during the growing season. Specimens 
of river birch were examined as early in the season as April 25. 
Growth had then begun, as shown by the ease with which the bark 
peeled from the wood. At this time the larvsB were burrowing ver- 
tically downward in the cambium and had already reached a point 
about 6 feet above the ground. They were IJ cm. long, 1 mm. in 
width, and pure white, except for the dark mouthparts. 

To determine the manner in which the larvse obtained entrance into 
the cambium, a number of mines were traced back to their source. 
This could be done with reasonable care, because at this early date 
growth had not progressed far enough to cover up or obliterate the 
mines. They had their origin invariably in the upper part of the 
tree's crown and on branches of about 5 years' growth. In such cases 
the mine could be traced to a suppressed lateral twig. At the point 
of attachment of this to the main branch, and always on the side 
toward the ground, a dark coloration coul,4 usually be detected 
extending from the outer bark into the cambium. This appeared 
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like a puncture of some sharp instrument. The coloration resulted 
from the decay of the injured cells. Whether the larva first hatches 
out of the egg outside the bark and then bores into the cambiimi, or 
whether the adult female deposits the egg in the cambiimi itself, can 
not be determined from the present investigation. 

Observations were next made about two weeks later — that is, about 
May 10. The larvae had increased slightly in length, but scarcely at 
all in diameter. Some had already reached the base of the tree and 
started back, following for a short distance a path parallel to the old 
mine, and then branching oflF obliquely (PI. II, fig. 2). Very few had 
gone far down into the roots at this time, but were burrowing in the 
growing layer near the base of the tree. This was expected, since the 
larv8B were evidently guided ia their movements by the food supply. 

During May there were examined specimens of black cherry, wild 
plimi, serviceberry, red maple, and wild apple. From all of these 
species larvae were secured similar to those already described. The 
mines that were still free from wound tissue were readily followed as 
the bark was removed. Often the larvae were secured by thus tracing 
a mine to its termination. The number of larvae in each case varied 
with the tree species and individual. In Maryland and Virginia 
river birch appears to be the favorite host, with wild plimi, service- 
berry, black cherry, red maple, wild apple, and silver maple follow- 
ing in the order named. Certain specimens lq a few localities were 
almost-free from larvae, while others seemed to be favorite hosts year 
after year, as shown by the nimiber of pith flecks in previous rings of 
growth. 

During the period between May 25 and June 25 the larvae continued 
to mine back and forth, seldom going more than 10 feet above the 
groimd. As the larva grew larger the mines gradually increased ui 
diameter up to several millimeters and often crossed one another. 
The appearance of the wood was often misleading as to the number 
of larvae actually at work, since one larva, working up and down, 
may make several flecks withia the same annual ring. 

Pupation began about June 25. After this date the titne of pupa- 
tion seemed to depend somewhat on the age of the tree. In young 
trees with relatively thin bark it occurred first, while larvae were 
secured from older trees with thick bark as late as July 20. The 
larvae proceeded down into the roots for varying distances. When 
the roots are exposed, as along the banks of streams, the mines often 
continue for a number of feet until they enter the ground. In trees 
growing on flat land the roots are seldom penetrated for more than 
3 feet. In such instances the larvae generally return to a position 
near the base of the trunk and pass out through the cortex. 

Pupation takes place in the ground. The larvae bore a small hole 
through the bark and come out in the earth. The end of a mine is 
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generally marked by a small black spot where the cambium is exposed 
to the air. A nwnber of puparia were secm*ed in proximity to the 
baric and always close to the terminatio(n of a mine. Pupation 
OGCurredy as already stated, almost immediately after the larva 
emerged. 

OCCIiUSION OF THE LABVAL PASSAGES. 

Soon after the passage of the larva the healing process begins. 
The larva destroys only those cells in its immediate path through the 
umer bark. Cambial activity proceeds as usual on both sides of the 
passage. As the cambiiun layer moves outward radially, the passage 
left by the larva increases in diameter. For this reason, when 
growth is very rapid, the pith-fleck spots are larger than when it is 
slow. Mines prodiuced in early spring are larger radially than those 
made later in the season, when diameter increase is slower. 

The healing process proceeds mainly from the bast pith-ray cells 
in the bark which are in direct communication with the reserve food 
supply. During this healing process made by the division of the 
bark cells toward the wood, growth is proceeding in the cambium on 
each side of the woimd. The cambium becomes imited agaiQ toward 
the periphery of the annoial ring, and wood elements are formed in 
the usual way. Thus the cambium, reuniting around the passage, 
leaves the latter behind in the annual ring. And the passage, 
although thus wholly independent of the new cambium, becomes 
filled with new cellular tissue. This process can be followed macro- 
scopically by removing the bark from the infested trees. For a short 
distance back of the larva the mine is free of all cell growth, and ap- 
pears like a small groove under the bark. Soon, however, wound 
tissue is formed, and the space is filled with young cells similar in 
character to those in pith rays. This tissue clings to the inner bark 
when the latter is removed from the tree, and appears Uke a ridge 
upon the smooth surface. After a distance of a few feet the wound 
tissue gradually passes over into the wood or older portion of the 
annual ring. The farther the mine is traced backward the deeper 
is it buried, and in fast-growing trees it often disappears completely 
in the wood. 

Some idea of the microscopic appearance of pith flecks in trans- 
verse section may be had from Plates II, III, and IV. The thick- 
walled cells are occasionally separated by layers of a compact, yel- 
lowish-brown substance, the remains of dead cells and excrement of 
larvae. The size of the cells filling the wound does not depend upon 
the size of the wound itself, but upon the nature of the tissue smround- 
ing the woimd; that is, upon the size of the ray cells and the diameter 
of the vessels. Where the ray cells are compact and short, such as in 
wild plum (PI. Ill, fig. 1), the successive divisions in the healing 
process give rise to cells of small dimensions. But when they are 



e. U. S.Otot.o(Agri=>,ltur.. 



|3 



i. 



2? 
eI 



PITH-RAY FLECKS IN WOOD, 9 

long, as in river birch, the wound tissue consists of cells with corres- 
pondingly larger cavities. Division in this case takes place more 
tardily. Even under the stress of wound stimulus, the inherent char- 
acter of cell formation persists. There seems, then, to be a definite 
relation between the ray cells and the cells of the wound tiissue. 
The relation, however, of the vessels to wound tissue is more obscure. 
In woods with small vessels there is usually a corresponding reduc- 
tion in the cells of the wound tissue; while in woods with large vessels 
the reverse is true. Though no logical reason can be given for such 
a relation, present observations confirm it. 

When viewed in tangential (bastard) section, the passages appear 
as broad bands of wound tissue. All appearance of pith-ray forma- 
tion is lost. The cells are commonly isodiametric and polygonal in 
form (PI. V, fig. 2), resembling in some respects the cells of the pith or 
medulla. A radial view (PI. V, fig. 1) presents no new characters. 
The wound tissue is not as extensive in this section, however, since 
the larva works only in the cambium. 

GBOTJPS AND SPECIES OF TREES AFFECTED. 

Pith flecks are present in a greater number of tree species than is 
generally supposed. Nordlinger reported them as occurring in 41 
genera, included in 27 families. A critical examination of sections 
prepared by him increased the list of hosts still further. It is po^ible 
that the markings found are all the work of the larvae of a dipterous 
insect, but only extensive observations can determine this. That 
they are all caused by cambium miners is, however, apparent. No 
other injury would heal in the manner described. 

As far as determined by the present investigation, pith flecks occur 
in only 5 families of trees in the United States, namely, the Sali- 
cacese, Betulacese, Rosacese, Aceracese, and Tiliaceae. The following 
is a tentative list of woods indigenous to the United States in which 
pith flecks were observed: 

SALICACEiB. 
Common name. Botanical name. 

Bebb willow. Salix bebbiana Sargent. 

Los^ leaf willow * Salix Jluviatilia Nutt. 

Hooker willow SaUx hooheriana Baratt. 

Smooth leaf willow Salix laevigata Bebb. 

Black willow Salix nigra Marsh. 

Nuttal willow Salix nuttallii Sargent. 

Silky willow Salix sitchensis Sans. 

Narrowleaf cotton wood. Popuhia angustifolia James. 

Balm of Gilead Popultis baUamifera Linn. 

Cottonwood Populus deltoides Marsh. 

Largetooth aspen Populus grandidentata Michx. 

Aspen Popuhts tremuloides Michx. 

Black Cottonwood Populus trichocarpa Torr. & Gr. 
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BETULACEiE. 
Oomiiioii name. Botanical namB. 

River birch Betula nigra Linn. 

Paper birch Betula papyrifera Marsh. 

White birch Betula populi/olia Marsh. 

Hornbeam Ostrya virginiana (Mill.) Koch. 

Lanceleaf alder Alnus acuminata H. B. K. 

R0SACEJ3. 

Serviceberry AmeUmchier canadensis (Linn.) Medic. 

Western serviceberry AmeUmchier alni/olia Nutt. 

Mountain ash Pyrus americana (Marsh.) de C. 

Narrowleaf crab Pyrus angv^sUfolia Ait. 

Wild apple Pyrus malus Linn. 

Oregon crab Pyrus rivularis Dougl. 

Elderleaf mountain ash Pyrus sambucifolia Cham. & Schl. 

Allegheny sloe Prunus allegheniensis Porter. 

Wild plum Prunus americana Marsh. 

Sweet cherry Prunus avium Linn. 

Sour cherry Prunus cerasus Linn. 

Western choke cherry Prunus demissa (Nutt.) Walp. 

Bitter cherry Prunus emarginata (Dougl.) Walp. 

Garden wild plum Prunus kortulana Bailey. 

HoUyleaf cherry Prunus ilidfolia (Nutt.) Walp. 

Wild red cherry Prunus pennsylvanica Linn. 

Black cherry Prunus serotina Ehrh. 

Choke cherry Prunus virginiana Linn. 

Smnmer haw Crataegus aestivalis (Walt.) Torr. & Gr. 

Dotted haw Crataegus punctata Jacq. 

ACERACE.E. 

Striped maple Acer pennsylvanicum Linn. 

Red maple Acer rubrum Linn. 

Silver maple Acer saccharinum Linn. 

TILIACE^. 
Basswood Tilia americana Linn. 

GEOGRAPHIC DISTREBXTTION OF THE CAMBIUM MINER. 

The geographic distribution of the cambium miner can not be 
definitely fixed at present, because of the uncertainty of the source 
of many of the wood samples examined and of the difference in sus- 
ceptibility of the same host in different situations. Nordlinger's list 
of woods includes species that grow throughout a vast area, and 
shows that pith flecks occur in wood of all tropical and temperate 
regions. Many European species examined contained them. Ftlr- 
ther investigations of foreign woods will doubtless increase the num- 
ber of host trees. From the list of indigetious trees given it is seen 
that the insect producing these flecks is quite generally distributed 
over the United States. The extent to which different genera and 
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different species of the same genus are affected varies. Wood speci- 
mens of red maple from Pennsylvania and from Florida were abun- 
dajitly infested, while those of the western maples were comparatively 
freei No western species of Oratsegus seem to be immime, but this 
conclusion can be established only by further investigation. The 
genus Pyrus leads in number of species affected. It does not follow, 
however, that trees of this genus form the favorite hosts. As already 
mentioned, river birch is most often infested in Maryland and Vir- 
ginia. There appears to be a peculiar local susceptibility of certain 
species. White birch, for example, is quite commonly infested 
throughout the New England States, but near the southern limit of 
its range the wood is usually entirely free of mines. Its successor in 
range farther south, river birch, becomes the favorite host. It is 
probable that this peculiar distribution of the insect's work holds 
also for the willows and poplars. 

FACTORS AFFECTING LOCAL BISTBIBTTTIOK OF LABV2B AND 

PASSAGES. 

Topography has little to do with the local distribution of the 
larvse. Trees growing on uplands were found to be uifested fuUy as 
often as those at lower elevations. It is not at all probable that bark 
characteristics have anything to do with the likelihood of hif estation, 
since the mines can be traced to the yoimgbark, which in thickness and 
smoothness is much the same on aU trees. Organic infiltrations in 
the cortex may cause immunity in certain hosts. Tannin, perhaps, 
accounts for the total absence of the mines in American oaks. Resin 
is doubtless a preservative. Kraus reported pith flecks in the firs, 
spruces, and cedars (Juniperus), but later writers contradict this. 
Penhallow notes the formation in some coniferous woods of trau- 
matic resin canals, which might be easily mistaken for pith flecks in 
a cursory examination. 

The distribution of pith flecks in iadividual trees is readily inferred 
from the life history of the larvae. Samples of wood taken from 
near the transition point of root and stem ia iaf ested trees show the 
mines in the greatest abundance. This is due to the frequent trips 
by the larvae back and forth prior to pupation. The number of 
mines decreases rapidly after the first 10 feet above the ground. 
Above that distance, in transverse section, there is usually only one 
pith-ray fleck per larva. 

The adult evidently deposits its eggs in the younger branches of 
the tree's crown. The larva, upon hatching out, burrows straight 
downward until near the ground, then makes several turns, as pre- 
viously described. In red maple and river birch mines were traced 
about 40 feet down the stem with only slight deflections, and without 
a turn before reaching the base of the tree. The tangential diameter 
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is at first very small and rarely over 5 mm. even in the roots. The 
majority of mines are well within the margm of annual rings of 
growth; they rarely border on the spring or autumn wood of other 
rings. The larva begins its wanderings some time after growth 
begins and stops before the end of the growing season. 

Nordlinger states that in certain species the mines are always in 
close proximity to the pith. This doubtless was correlated with bark 
characteristics because certain hosts were attacked only during their 
early existence. The present investigation, however, indicates that 
pith flecks in the eastern American hosts at least occur throughout 
the whole transverse section of the basal log. A lai^ specimen of 
river birch was examined on July 22. The age could not be accu- 
rately determined, but a conservative estimate would place it at 
about 1 10 years. Many mines were observed at the base of the tree 
in the last season's growth. Other trees ranging from 10 to 80 years 
were foimd to be infested with the larv». In at least one species, 
river birch, both the young and the old trees are frequently attacked. 

TAXONOMIC VALUE OF PITH FLECKS. 

Early writers on wood ascribed a taxonomic value to pith flecks 
and efforts were made to use them in separatmg genera and species. 
If the distribution in certain genera were constant, the importance of 
these markings would be readily apparent. Record has pointed out, 
however, that they are of no value in this connection. The present 
investigations confirm his observations and considerably enlarge the 
list of infested woods. Pith flecks are clearly of pathologic origin, 
and their distribution in genera, species, and individuals is extremely 
irregular and uncertain. Their presence or absence, therefore, can 
not be used to identify woods.^ 

DETEBIOBATIVE EFFECT ON QUALITY OF WOOD. 

Among the important quality factors of wood are strength, elas- 
ticity, texture, and freedom from knots and discolorations. Any 
agent that adversely affects one of these qualities may decrease the 
commercial value of the wood. Pith flecks may mar the natural 
beauty of woods by causing discolorations. In some woods pith 
flecks cause definite areas of disintegration in which normal tissues 
become involved. Intercellular spaces or cavities may thus arise. 

The discoloration due to the work of dipterous larvae arises from two 
causes. In all native species (except the willows and poplars) marked 
with pith flecks (pp. 9 and 10) the cavities of the newly formed woimd 
cells become fiJOled with a dark-brown substance responding to tannin 

^ Logloally, of course, no pathologio oonditloii or other accident could have any taTonomto valoe. 



PITH-BAT FLECKS IN WOOB. 18 

i»a4^tio]!iB.^ This color serves to differentiate shaiplj the womid 
tissue from the normal cells surrounding it and renders the closed 
mines conspicuous in transverse sections (PI. III). This is true 
particularly of light-colored woods, such as birches and maples. In 
cherry, however, owing to the similar color of the wood, the mines 
are qidte inconspicuous, provided other patholo^cal changes 
described herein, do not occur. 

In maple (H. I, fig. 2) and birch the mines stand out in tangential 
or radial sections as brown spots or lines of varying magnitude, 
which run in the direction of the fibers. This renders the wood 
inferior in quality and useless for the finer grades of cabinetwork. 
The defect is emphasized for woods finished in the natm^al color, 
since filling and varnishing renders the spots still more distinct. 
Pith flecks are, however, frequently seen in all the cheaper grades 
of furniture. In veneers the injury is a still greater factor. Badly 
infested cherry is often useless for this purpose. 

Another cause of discoloration is the result of interference with 
the normal physiological activities of the tree ^ where the medullary 
rays are broken by mining larvae. The wood adjoining the mine for 
varying distances toward the center darkens prematurely and changes 
into heartwood. These discolored areas rarely cover more than two 
annual rings of growth, but in some of the poplar woods they were 
observed to extend through as many as eight annual rings. In other 
wood the discoloration, as a rule, is comparatively slight, serving 
mainly to render the occluded mines more conspicuous and rarely 
extending beyond the growth of the season. 

Disintegration of woody tissue due to pith flecks was observed 
only in the wood of cherry. In various species of this genus there is 
a breaking down or disintegration of the tissue, accompanied by the 
usual formation of '* cherry gum. " This process is technically known 
as ''gummation. "^ The correlation of pith flecks with the disinte- 
gration or liquefaction of normal woody tissues was probably first 
noted by VRegand in 1863. He found that in sweet cherry pith 

1 In wiHow and po^ar wood the oedaded mines are often quite ineoDSpieuoos, owing to a iaek of cfdorfng 
matter in tbe wound tissue. 

* The medullary rays of the wood continoe out through the growing layer into the inner bark. Here 
they are in direct oommunioatian with the sieTe tabes of the bast, and serve to conduct food material 
elaborated in the leaves to tiie growing layer of the wood. They consist of oompaiatively thin^walled 
cells that form, with the wood parenchyma, the living portion of the zyiem. Tiie other wood elements 
lose their pfotoplasmio contents soon after their formation, after whidb they perform the ftmotian mainly 
9t water and air conduction. The wood parenchyma, however, lives for a number of years intimately 
associated with the physiological activities oi the tree. 

* Ifany oonfUoting opinions are held regarding the origin of oheny gmn. Mlkoseh considers it a patho> 
logical product which follows the wounding of the cambium, and asserts tiiat its formation takes place 
withhi the inner porticms of the cambial layer. Rant ascribes its formation to three factors: (a) new for- 
matiozi of tisBae, <6) liquefiEtction, <c) activity <tf the dead cells as a wound stimulus through necrosis. The 
latter may result through pfaysiolo^cal influences or throtii^ the traumatic working of for^n organisms, 
tuch as bacteria, itmgi, or animals. Ruhland further infers that oxygen is necessary ftir the process, and 
that in wounds where air is excluded no gummation results. 
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flecks are the principal starting points in gununation. His obsenra- 
tions have been confirmed by more recent investigations. 

In the present studies of the wood of cherry some miaes were found 
filled with wound tissue of the usual type, while in others gummation 
was well under way (PI. VI). There was apparently no distinction 
in species or individuals as regards the formation of gum. All species 
of cherry subject to pith flecks are also susceptible to the breaking- 
down process. This can be expected from the results obtained by 
Mikosch and Rant.^ 

The discolored spots produced by gummation in cherry wood often 
render it unfit for the finer grades of furniture. This defect is often 
directly traceable to pith flecks. Where the mines remain occluded 
with normal woimd tissue, little injury results, owing to the similar 
coloration of the surrounding wood with that of the wound tissue. It 
is with the inception of gummation that the injmy really begins. 
The disintegration thus started often spreads until the sound tissue is 
affected. 
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EFFECT OF FOREST FIRES ON STANDING HARDWOOD 

TIMBER. 



The aim of this leaflet is to point out some of the direct and im- 
mediate injurious effects of light fires in a forest. Even a light fire 
may and does injure in many ways both public and private timber, 
and causes an actual money loss which can be measured in dollars and 
cents. When the actual damage done by fires is realized, their pre- 
vention will be as much the duty of the citizen as it is now his duty to 
protect his home from burning. 

The most noticeable effects of a fire are the killing of the young 
growth, the destruction of the layer of leaves and mulch on the 
ground which protects the soil from washing in times of heavy rains, 
and the fire scars left on the trees of all ages and sizes. It is the 
object of this leaflet to call attention especially to the damage to mer- 
chantable timber evidenced by these fire scars. Though the study 
upon which the circular is based was made in the Ozark Mountains 
of Arkansas, the results are applicable to other hardwood regions. 

All settlers and lumbermen who have worked in the hardwood 
timber in the Ozarks know only too well what is meant by pin worms, 
bunch worms, flag worms, grub worms, soak, and butt rots, and how 
great is the loss of timber due to them. Damage by insects and rot 
was found in connection with practically every fire scar on the bases 
of the trees. The fire may have occurred 50 or 100 years ago, and all 
signs of it been hidden by later growth, but during the two or more 
years that it took the tree to heal over the scar, worms, and spores 
or germs which produce rot in trees, entered at this open wound on 
the butt, and, in the case of the rots, have been at work ever since, 
gradually destroying the timber in the trunk. 

Any little pile of leaves and other trash, which winds and water 
may have left lodged against the base of a tree, will, when dry and 
set on fire, produce sufficient heat to cook and kill the living bafk and 
sapwood for several square inches on the butt. The injury thus 
caused is apparently slight, but in reality the damage done may con- 
tinue during the entire life of the tree, and may finally cause its 
death. It is mainly through such small fire scars that the worms and 
rots get into trees. 

79199"— 18 
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The spores, or "seeds," of the tiny fungus plants which cause the 
rot fall on the dead spot or fire scar, sprout during damp weather 
and grow into the heartwood of the tree. Once in the heartwood, the 
little plants use part or all of the wood as food, and thus gradually 
destroy the sound timber, producing what is called rot, dote, or soak 
in the trunk of the tree. The small fire scar may, and usually does, 
heal over, so that in a few years no evidence of a fire or injury to the 
tree can be seen from the outside ; but the rot continues to grow for 
years, slowly spreading outward, until it reaches the sapwood, and 
upward in the trunk, thus ruining the tree for most commercial pur- 
poses. Every time a tree is reached by a fire hot enough to kill a 
small area of the bark and sapwood an opportunity is given for more 
worms to enter and for another attack by the little plants which 
produce rot. Where trees are growing on steep slopes small piles 
of trash collect on the upper sides at the base. In such cases even a 
light fire, which ordinarily would not be able to injure the tree at all, 
burns this pile of trash and a fire scar is formed. On the sides of 
Pilot Mountain are dense stands of young oak saplings from 2 to 6 
inches in diameter, every one of which has a fire scar on the upper 
side of its base, due to the burning of these piles of trash. This 
means that a large number of these saplings will grow into trees 
having butt rots and wormholes in the trunks. Similar conditions 
can be seen on nearly every mountainside in the Ozarks. 

Anyone in passing through a stave sale area after all the good 
bolts have been removed has noticed the large amount of cull left on 
the ground. Sometimes entire trees have not yielded a single bolt. 
What was the matter? Worms, rot, or soak had ruined the tree for 
staves. Cull butts from 6 to 16 feet in length are not uncommon on 
many areas where the timber has been felled. In nearly every case 
these butts were left on account of rot. Practically all of this was 
caused by fires which injured the bases of the trees. 

The loss of good merchantable timber in a stave operation from 
rot and worms alone is enormous. Yet it is often said that light 
fires do not injure the forest, and some even claim that it is a benefit 
to burn the forests annually. On one stave sale area in the Ozarks 
76 trees out of every 100 felled had butt rot, and 27 trees in every 
100 had wormholes of some kind in them. What does this mean? 
It means that after going to the expense of felling 100 trees only 
24 of them were perfectly sound and suitable for staves. Not only 
was there a money loss from the cull of 76 trees, but the expense of 
felling unsound trees must be considered. For five widely separated 
areas in the eastern part of this forest an average of 65 trees in 
every 100 had butt rot, and 26 had wormholes sufficient to cull some 
of the bolts. 
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Most of this loss can be traced directly to the jfires so common in 
this forest. The area where 76 trees in every 100 were found to have 
butt rot has been burned over regularly for years. Over areas where 
fires had not been so frequent, the injury from butt rots was corre- 
spondingly less. The loss of timber in stave operations from worms 
and rots alone will often average one-fourth of the total amount of 
material actually used for staves. It is for this very reason that 
stave men in buying private timber offer such low prices ; they do not 
know till the timber is felled and worked up just how much loss 
there will be from worms, soak, and rot ; they do know, however, that 
the loss will be great. The loss from worms and rot caused by forest 
fires is not confined to white oak, but extends to red and black oaks 
as well. Old fire scars on the butts of these trees are the usual places 
where many wood-boring insects enter the tree. On some areas as 
many as 33 trees out of every 100 red and black oaks felled had been 
injured by grubworms. The usual butt rots of white oak are also 
found in the other oaks, and fire scars are the places through which 
they enter. 

Another way that fires injure standing timber is by burning 
through sound bark and sapwood into the hollow butts. Once the 
hollowed-out interior of the tree is exposed to the air, the rot which 
originally caused the hollow seems to grow up the tree more rapidly, 
while other fires that follow gradually widen the hollow and destroy 
the bark at the base of the tree until the tree is killed. 

A tree which has an open, hollow butt is much more easily blown 
down than one in which the hollow is inclosed by living bark and 
sapwood. 

We find, then, that forest fires damage standing timber in three 
ways : By producing fire scars through which worms enter, by open- 
ing a passage through the bark and sapwood for rots to reach the 
heartwood, and by weakening trees with hollow butts till they either 
burn down, die from fire girdling, or are blown over by strong winds. 
Every fire, therefore, only increases the damage by making possible 
a new crop of worms in the trees and by giving another chance for 
rots to enter through the new fire scars, thus increasing the quantity 
of unmerchantable material and decreasing the amount of money 
received for the timber. 

This deterioration in the standing timber is the direct source of a 
tremendous loss to the entire community, for no one will buy worth- 
less timber. The timber itself is not only a total loss to the settlers 
and other owners, but by its presence it also increases the cost of lum- 
bering and decreases the stumpage value of what timber is merchant- 
able. Furthermore it means a loss in wages, to the laborer, and a 
loss to the State of the 35 per cent of all receipts from the sale of 
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Government timber appropriated by Congress for the construction 
of public roads and for the maintenance of schools within the State. 
The conclusion, then, is obvious, that the continued burning of 
timbered lands in Arkansas is causing an annual loss of thousands 
of dollars — an absolute detriment to the welfare of the State. And 
it is equally obvious that this loss can be almost entirely eliminated 
by the prevention of all forest fires, whetiier large or small — ^a com- 
paratively easy matter if all the people will only cooperate in the 
work. 
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